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Medicine and Biochemistry, Tufts College Medical School, Boston, Mass. and the 
Research Laboratory of the Jewish Memorial Hospital, Roxbury, Mass.) 


(Submitted for publication December 13, 1950; accepted April 9, 1951) 


Recent interest in the metabolism of glucuronic 
acid has been aroused mainly as a result of the real- 
ization (1) that the conjugation of glucuronic acid 
is an important step in the metabolism of estrogenic 
and steroid hormones (2, 3) and of epinephrine 
(4) and following the reports that glucuronic acid 
may be useful in arthritis (5). Although the 
mechanism of formation of glucuronides has been 
observed chiefly in studies of drug metabolism and 
has been widely accepted as a process of detoxica- 
tion, the view is now prevalent (6, 7, 8) that this 
reaction represents a physiological process which 
we consider a “metabolic conjugation” (1). Thus, 
it is believed that exogenous drugs are conjugated 
with glucuronic acid only by virtue of certain of 
their chemical groupings (phenolic or alcoholic 
hydroxyl radicals), characteristic of the endoge- 
nous metabolites which are physiologically con- 
jugated with glucuronic acid. 

In the past, studies on glucuronic acid metabo- 
lism have been carried out almost exclusively in 
animals and usually in these investigations the con- 
jugated glucuronide was isolated or determinations 
of urinary glucuronic acid were made (9). It is 
obvious that determinations of glucuronic acid in 
blood values would be of great value not only in 
animal studies but also in investigations performed 
in man. Accordingly, a combination of blood and 
urine data on glucuronic acid was considered to 
be necessary in any study designed to evaluate the 
physiological significance of glucuronic acid. 

The present paper is divided into three sections. 
The first deals with the description of the method 

1 This work was supported by grants-in-aid from the 
National Cancer Institute, Bethesda, Maryland, the Da- 
mon Runyon Memorial Fund for Cancer Research, the 
Commercial Solvents Corporation, New York, and by an 
institutional grant of the American Cancer Society, Inc., 
New York. 

2 Presented in part at the 119th annual meeting of the 
American Chemical Society, April 1, 1951, Boston, Mass. 


for determining glucuronic acid and its clinical ap- 
plication. The second concerns the development 

| of a glucuronic acid tolerance test in humans, and 
the third describes some clinical observations re- 
lating glucuronic acid and £-glucuronidase to ar- 
thritis and cancer of the breast. 


SECTION I. DETERMINATION OF GLU- 
CURONIC ACID IN BLOOD AND 
URINE 

The available methods for determining blood 
glucuronic acid were found to be unsuited for the 
purpose which we had in mind, 1.e., the perform- 
ance of as many as 100 determinations a day with 
reasonable accuracy. In 1943, Ratish and Bullowa 
(10) adapted the method of Maughan, Evelyn and 
Browne (11) for urinary glucuronic acid to the de- 
termination of glucuronic acid * in blood. An ali- 
quot of a tungstic acid filtrate of blood was heated 
with a mixture of naphthoresorcinol and hydro- 
chloric acid for 45 minutes. After cooling, the 
violet pigment was extracted, using a mixture of 
alcohol and ether, and the optical density of the 
ether layer read at 565 my in a photoelectric color- 
imeter. The per cent error ranged from — 11 to 
+ 21.2. The procedure of Deichmann (12) in 1946 
was performed on plasma (without deproteiniza- 
tion) with the naphthoresorcinol reagent, utilizing 
a heating period of two hours and extraction of the 
pigment with ether alone. Although as a rule 
satisfactory recoveries of glucuronic acid were ob- 
tained when it was added to plasma, frequently 
these were as low as 20 to 30 per cent. The use of 

3 The possibility that the naphthoresorcinol reaction 
may measure galacturonic acid as well as glucuronic acid 
has been pointed out by Deichmann and Dierker (12). 
However, in view of the fact that galacturonic acid has 
not yet been identified as a normal constituent of human 
blood and urine, it is permissible to consider the naph- 
thoresorcinol reaction applied to protein-free filtrates of 
blood as one measuring essentially glucuronic acid. 
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ether in these procedures has the following disad- 
vantages : rapid evaporation, especially in the sum- 
mer, a strict requirement of purification and de- 
hydration (10, 11), instability upon exposure to 


sunlight (12), and the presence of a serious fire 
hazard. 

It was found possible to combine the best fea- 
tures of the available methods and to substitute 
toluene for ether as the solvent for extracting the 
colored product of the naphthoresorcinol-glucu- 


ronic acid reaction. In this manner, a procedure 


has been developed which is reasonably accurate 
and reliable, and possesses the ‘advantage of con- 
venience and safety. 


REAGENTS REQUIRED 


10 per cent sodium tungstate solution 

0.66 N sulfuric acid solution 

0.2 per cent naphthoresorcinol solution. (A fresh solu- 
tion was made for each day’s determinations, employ- 
ing the product obtained from Schwartz Laboratories, 
Inc., New York. Shaking the naphthoresorcinol wa- 
ter mixture in a glass-stoppered_cylinder for 10 
minutes effected solution.) 

Toluene, Merck C. P. 

Hydrochloric acid, concentrated, Merck C. P. 


METHOD OF ANALYSIS 


(a) Blood. Two cc. of well-mixed oxalated blood were 
pipetted slowly into 14 cc. of distilled water in an Erlen- 
meyer flask, the contents being shaken during the process. 
Then, 2 cc. each of 10 per cent sodium tungstate and 0.66 
N H.SO, were added and the whole mixture agitated to 
ensure complete mixing. After 10 minutes it was filtered. 
Three cc. quantities of this filtrate representing a 1 to 10 
dilution of the blood, were transferred to two duplicate 
boiling tubes,* of the dimensions of the ordinary N. P. N. 
boiling tubes, but fitted with ground glass stoppers. To 
these were added 2 cc. of 0.2 per cent naphthoresorcinol 
solution and 2 cc. of concentrated hydrochloric acid solu- 
tion. The contents of the tube were mixed well and glass 
stoppers inserted. These tubes, arranged in a suitable 
metal rack, were placed in a gently boiling steam-heated 
water bath (temperature 98° C) for 60 minutes. They 
were then immersed in cold water (temperature + 5° C) 


4 These may be purchased from Macalaster Bicknell Co., 
Cambridge, Mass. The following washing procedure was 
found necessary: the tubes were rinsed thoroughly after 
the analysis with alcohol and tap water before being placed 
in cleaning solution. The use of a wax pencil for marking 
these tubes is prohibited, since any wax which finds its 
way into the boiling tubes will dissolve in the toluene and 
give undesirable colored solutions. Marking with a lead 
pencil on a ground glass spot on these tubes is permissible. 
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for 10-15 minutes. After cooling, 5 cc. of 95 per cent al- 
cohol were added to each tube, after which they were 
shaken to dissolve the pigment produced during the heat- 
ing reaction. Then, 8 cc. of toluene were added and the 
tubes restoppered and vigorously shaken for one minute, 
this time to extract the violet pigment into the toluene 
phase. The aqueous layer was removed completely by 
suction, using a tube drawn out to a capillary attached 
to an aspirator and a collecting bottle. The toluene ex- 
tracts were then transferred carefully to clean Evelyn 
cuvettes. After allowing them to stand 45 minutes in the 
dark to permit the extracts to clear, the transmission of 
light was measured in the Evelyn photoelectric colorimeter 
at 565 mu using the 6 cc. well. 

(b) Urine. Usually a 1 to 50 dilution of the urine was 
prepared with water. In urine rich in glucuronic acid a 1 
to 100 dilution was employed. The deproteinization pro- 
cedure was omitted, and the naphthoresorcinol and HCl 


PER CENT 
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90 
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Fic. 1. RELATIONSHIP BETWEEN THE LIGHT TRANS- 
MITTANCE OF THE GLUCURONIC ACID-NAPHTHORESORCINOL 
ReEAcTION Propuct aNp GLucuroNIc Actp CONCENTRA- 
TION 


solutions were added directly to 3 cc. of diluted urine. 
Readings in the colorimeter were made in the same way 
as for blood. 

Blanks and controls. Blanks contained 3 cc. of H:O in 
place of blood filtrate or urine. It is desirable to include 
a standard (20 glucuronic acid) with each day’s deter- 
minations. The optical density of this standard should 
read within 5 per cent of the expected optical density. 

Preparation of standard curve. This (Figure 1) was 
constructed by correlating per cent transmittance with the 
content of glucuronolactone expressed as glucuronic acid 
in the standard solutions. It was found that the standard 
curve was completely reproducible. A curve should be 
constructed whenever new reagents (e.g., concentrated 
HCI or naphthoresorcinol) are employed. 

Calculation of results. The amount of glucuronic acid 
obtained by substituting the Evelyn reading of the unknown 
into the standard curve is termed y G. A. The following 
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expressions apply then to blood and urine: 


ag Sie 
Blood: 3x 1000 = milligrams glucuronic acid 





per 100 cc. 

7 G. A. xX 50 
3x 1000 — 

cc. urine, when 50 is the dilution factor of the urine. 


Urine: = milligrams glucuronic acid per 


Light absorption curves of the naphthoresorcinol 
reaction product. Curves (Figure 2) for protein- 
free filtrates of human blood, urine, and a sample 
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Fic. 2. Licut AxssorPTION CURVES OF THE TOLUENE 
SOLUTIONS OF THE GLUCURONIC AcID-N APHTHORESORCINOL 
Propuct OBTAINED FROM PurE GLUCURONE (207), A Pro- 
TEIN-FREE Boop FittraTeE (497), AND Urine, DituTtep 
1 to 50 (307) 


TABLE I 
Recovery of glucuronic acid added to blood and urine 
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of pure glucuronolactone are shown in which the 
light absorption of the purple toluene layer was 
measured in a Beckman model B spectrophotometer 
over the range 400-600 my. 

Recovery of glucuronic acid added to blood and 
urine. In Table I are listed the recoveries of pure 
glucuronic acid added to whole blood and urine. 
In the upper range of blood glucuronic acid levels 
(8.9-11.1), the standard error was 7.3 per cent 
(range — 7 to + 14) and for all the recovery ex- 
periments, the standard error was 8 per cent (range 
— 20 to + 14). This performance of the method 
is similar to that of the method of Ratish and 
Bullowa (10). 

Distribution of blood glucuronic acid values in 
health and in some disease states. In Figure 3 is 
illustrated the distribution of blood glucuronic acid 
in 100 normal individuals and in two groups of pa- 
tients, one with arthritis and the other with cancer 
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Fic. 3. Distrrpution or GLucuronic Acip (G.A.) VALUES IN NorMAL HEALTHY INpIvipuALsS (100), In CANCER 
Patients (128), AND IN ArTHRITIC SuByEcTs (44). 


of the breast. In Table II are presented additional 
data on blood glucuronic acid m disease states. 
Values for blood £-glucuronidase activity obtained 
in these same patients have been included. 


DISCUSSION 


It would appear that the majority of human 
blood glucuronic acid values range from 4 to 8 mg. 
per 100 cc., averaging 6 mg. per 100 cc. These 
values are higher than those reported by Laing and 
Anderson (13) (2.3-6.6 mg. per 100 cc., average 
4.0), and include values lower than those obtained 


by Ratish and Bullowa (10) (6.8-9.2 mg. per 100 
cc., average 7.5). Ratish and Bullowa state that 
results out of accuracy range are obtained with 
amounts of glucurone 5 mg. or less per 100 cc. 
The procedure of Laing and Anderson is simi- 
lar to that of Ratish and Bullowa, with the greater 
possibility of incomplete color development due to 
a shorter heating period and the omission of al- 
cohol in the process of pigment extraction. How- 
ever, under the experimental conditions described 
here there is a greater opportunity for maxi- 
mum pigment formation (one hour heating) and 


TABLE II 


Concentration of blood glucuronic acid and serum 8-glucuronidase in health and disease 
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8-Glucuronidase 





Diagnosis Number of 


determina- Range of 


Number of 
patients 





No disease 

Cancer (all types) 
Cancer of breast 
Cancer of cervix 
Cancer of lung 
Cancer of intestinal tract 
Heart disease 
Diabetes 

Pregnancy 

Toxemia of pregnancy 
Arthritis (male) 
Arthritis (female) 














Average 
value 
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blood) 


Average value 
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Number of 
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Range of 
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389 
587 
638 
544 
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1151 
552 
468 
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for efficient extraction of the resulting pigment 
(solution of the pigment first in alcohol and sub- 
sequent extraction with toluene). We have not 
encountered any interference of urinary pigment 
mentioned by Maughan and associates (11) in 
the determination of glucuronic acid in the urine. 

From an inspection of the light absorption 
spectra of the toluene extract obtained by proces- 
sing human blood and urine, it seems that under 
ordinary circumstances only the pigment produced 
by the glucuronic acid-naphthoresorcinol reaction 
is present and has an absorption maximum at 570- 
580 my. Pure glucurone solutions yield toluene 
solutions of pigment absorbing at 570 mp. Ratish 
and Bullowa have shown that interference due to 
pentoses and glucose is negligible. Maughan and 
associates have likewise found the naphthoresor- 
cinol reaction to be negative for many body metabo- 
lites. As mentioned before, galacturonic acid re- 
acts with naphthoresorcinol. 

The experience in this laboratory indicates an 
error in the recovery experiments of approximately 
8 per cent. Much of this is due to the fact that 
analyses are rejected only if duplicate tubes differ 
by more than 2 galvanometer divisions in their 
readings of transmittance. This is the outside limit 
within which duplicate determinations of most 
other substances, e.g., blood glucose, will agree 
when color measurements are made with the 
Evelyn photoelectric colorimeter. Accordingly, 
greater accuracy can be obtained either by the use 
of triplicate determinations, or by the development 
of conditions which will increase still further the 
optical density of the final toluene extract. For 
our purposes, the present procedure was found 
satisfactory. 

The comparison of glucuronic acid values in the 
blood of healthy and diseased individuals is in- 
complete. It is clear, however, that in certain 
cases of arthritis and cancer there is a tendency to- 
ward abnormal values out of the range of the nor- 
mal subjects studied. No clear correlations car 
be made between serum f-glucuronidase activity 
and blood glucuronic acid in the diseases studied. 


SECTION II. GLUCURONIC ACID TOLERANCE 


CURVES IN HUMANS 


When studying the metabolism of any substance, 
it has been found useful to obtain some measure of 
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the degree of utilization of the substance by the 
body. Accordingly, it was considered worthwhile 
to develop a tolerance test for glucuronic acid in 
humans in order to study the utilization of glucu- 
ronic acid and factors which may influence its 
metabolism. 

Employing the method for blood glucuronic 
acid described in the first section of this paper, 
blood levels of glucuronic acid were determined be- 
fore, and at intervals after, oral administration of 
glucuronolactone. It was found that only a small 
proportion of this substance was excreted in the 
urine. 

Glucuronic acid tolerance curves were then ob- 
tained on 17 normal subjects, on 12 patients with 
arthritis and on 10 patients with various types of 
cancer. A description of the technique for per- 


TABLE III 
Urinary excretion of glucuronic acid before, during and after 
performance of the glucurone tolerance test 
The excretion of glucuronic acid in a single subject on 


five consecutive days gave the following 24 hour values: 
0.64, 0.63, 0.58, 0.75, 0.31 grams. 








Urinary glucuronic acid 
(grams/24 hours) 





Patient Clinical diagnosis 


Day 
prior to 
tolerance 


Day 


Day of after 


tolerance 
test 





Rheumatoid arthritis 
Carcinoma of lun 
Carcinoma of bladder 
Toxemia of pregnancy 
Rheumatoid arthritis 
Myasthenia gravis, arthritis 
Rheumatoid arthritis 
Carcinoma of breast 
Arthritis 
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forming the glucuronic acid tolerance curve and 
the results obtained on various human subjects are 
presented in this section. 


The glucuronic acid tolerance curve. Five cc. of venous 
blood are taken from the antecubital vein from a fasting 
subject immediately before the oral ingestion of 5 grams 
of glucurone © dissolved in 100 cc. HzO. The same amount 
of blood is drawn at 30 minutes, and one, two, three, six 
and 24 hour intervals thereafter. The blood is collected 
in an oxalated test tube to prevent clotting. Folin-Wu 
filtrates are then prepared from 2 cc. of this blood and 


5 Glucurone is an abbreviation for glucuronolactone. In 
the body glucurone is undoubtedly in equilibrium with 
glucuronic acid, thus: glucuronolactone + H,O = glu- 
curonic acid. Pure glucurone was supplied through 
the courtesy of the Commercial Solvents Corporation, 
New York. 
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the glucuronic acid determined as described. These val- 
ues are then related to time, as illustrated in Figures 4 
and 5. These represent, respectively, individual tolerance 
curves and a composite graph, based on the individual 
data. 

In some of these experiments 24 hour urine collections 
were made on the day before, the day of, and the day 
after performing the glucurone tolerance test. These 
data appear in Table III. For the present, an abnormal 
curve is defined as one which either (a) fails to show 
an elevation in blood glucuronic acid after glucurone in- 
gestion (flat curve) ; (b) shows the glucuronic acid level, 
after reaching a peak, failing to fall by six hours to the 
pre-ingestion level (retenton curve) ; or (c) shows a fall 
of glucuronic acid concentration at six hours to a value 
much lower than the fasting level (declining curve). 

In all of the tolerance tests, 8-glucuronidase activity of 
blood serum was determined simultaneously (14) and a 
typical result, illustrating the behavior of blood glucuronic 
acid and A-glucuronidase activity, is shown in Figure 6. 


RESULTS 


All of the normal subjects (Figure 4) exhibited 
an elevation in blood glucuronic acid following the 
ingestion of 5 grams of glucurone which appeared 
within 30 to 60 minutes and which persisted for 
as long as four hours. However, by six hours, in 
the majority of cases, the blood glucuronic acid 
levels had returned to the pre-ingestion level. In 
five subjects, two peaks in the curve were noted. 
A composite curve of these data is shown in Fig- 
ure 5. 

Arthritis (Figure 7). Five of 12 arthritic pa- 
tients showed abnormal curves in which the level 
at six hours was as high as or higher than the peak 
elevation ; the curves in the remainder appeared es- 
sentially normal. 


Cancer (Figure 8). Four patients with car- 


cinoma of the rectum exhibited abnormal, flat or 
retention curves. Two subjects with cancer of the 
lung, and one with cancer of the thyroid showed 
accentuated declines in their blood glucuronic acid 
levels after the peak had been reached. One pa- 
tient with cancer of the lung at six hours still 
showed an elevation in blood glucuronic acid. 


% OF FASTING BLOOD 
GLUCURONIC ACID VALUE 
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Fic. 6. INTERRELATION oF BLoop GLucuRoNiIc AcID 
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AcID 


Three of the cancer subjects had fasting levels of 
glucuronic acid above 8 mg. per 100 cc. of blood. 

Relation between blood glucuronic acid and se- 
rum B-glucuronidase. Figure 6 shows the blood 
8-glucuronidase activity being reduced markedly 





























Fic. 7. Giucuronic Acip TOLERANCE TESTS IN 
ARTHRITIS 


691 


at the same time when the blood glucuronic acid 
increases. After two hours, the values for both 
level off, that for glucuronic acid returns towards 
the pre-ingestion value and that for -glucuroni- 
dase tends to remain far below the initial one. In 
all subjects studied, healthy as well as diseased, 
the blood B-glucuronidase was reduced following 
glucuronolactone ingestion. The extent of this ef- 
fect and its persistence was variable, usually bear- 
ing some relationship to the fasting blood f-glu- 
curonidase. Thus, the decline was most pro- 
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PATIENTS 


nounced in subjects exhibiting initial B-glucuroni- 
dase activities above 500 units per 100 cc. 


DISCUSSION 


The following possibilities suggest themselves 
to explain the reduction of §-glucuronidase ac- 
tivity in blood in the presence of an increased blood 
glucuronic acid: 1) glucuronic acid may be inhibit- 
ing the activity of the enzyme, 2) glucuronic acid 
may cause a shift of the enzyme to the formed ele- 
ments of the blood (in which case the serum en- 
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TABLE IV 


Effect of the presence of added glucuronic acid on 
B-glucuronidase activity of serum and plasma 


The serum employed was prepared from blood taken 
from patients with cancer of the breast undergoing hor- 
monal therapy which explains the higher 8-glucuronidase 
activity observed as compared to the plasma enzyme 
activities (normal healthy subjects). 


8-Glucuronidase activity 
no glucuronic acid 
added 


Units/100 cc. 
glucuronic acid 
added (4 mg./100 cc.) 
Serum 
1690 
930 
673 
683 
930 
943 
900 


1630 
890 
673 
695 
905 
960 
900 


Plasma separated from whole blood 


447 435 
460 433 
504 504 
676 714 


zyme would be depleted) or 3) the glucuronic acid 
may cause blood f-glucuronidase to be removed 
from the blood for some as yet unknown purpose. 
As indicated in Table IV, there is no inhibition of 
serum f-glucuronidase in experiments where glu- 
curonic acid is added im vitro in amounts corre- 
sponding to the highest concentrations of this sub- 
stance observed in our tolerance curves. It is also 
clear that glucuronic acid added to whole blood 
does not result in a shift of @-glucuronidase from 
the plasma to the cells. 

Since little change is found in the amounts of 
glucurone excreted in the urine during and after 
the tolerance test, there seems to be little doubt 
that the glucurone administered orally is utilized 
by the human subject. It remains to be determined 
which organ(s) take up this glucuronic acid and in 
which processes of metabolism the glucurone par- 
ticipates. 

A pattern of glucuronic acid curves is evolving 
with three distinct types of curves. Some of these 
curves appear to be characteristic of certain types 
of cancer and to a much lesser extent arthritis and 
other chronic diseases (15). 


SECTION III. OBSERVATIONS IN PATIENTS 
RECEIVING ANTI-ARTHRITIC AND ANTI- 
TUMORAL AGENTS 


Arthritis 


Four patients with an established diagnosis of 
rheumatoid arthritis were treated with ACTH, 


cortisone and glucurone and were studied from 70 
to 150 days. All of these subjects at one or more 
periods in the study exhibited sudden and marked 
elevations in serum #-glucuronidase and in three, 
the blood glucuronic acid levels fluctuated mark- 
edly. The behavior of these two blood constituents 
in one of these patients whose arthritis was diffi- 
cult to control is illustrated in Figure 9. In nor- 
mal healthy subjects, blood glucuronic acid and 
serum £-glucuronidase levels are considerably more 
constant. 


Cancer of the breast 


A. Methylandrostenediol. Thirteen patients 
with metastatic cancer of the breast were treated 
for two to 18 months with methylandrostenediol, a 
weakly-virilizing protein anabolic steroid (16). 
In three of these subjects, showing neither sub- 
jective nor objective clinical improvement, B-glu- 
curonidase and glucuronic acid values showed no 
change during the course of therapy. In 10 pa- 
tients with subjective improvement, including three 
with objective responses, the values of these blood 
constituents were abnormally high at one or more 
times during therapy. The behavior of blood glu- 
curonic acid and serum f-glucuronidase levels is 
illustrated in one of these subjects in Figure 10. 
Clinically, there appeared to be a correlation of the 
increased levels of either one or both of these 
blood constituents with the improvement observed 
in the patient. 

B. Stilbestrol. The administration of this hor- 
mone was found to increase the blood 8-glucuroni- 
dase not only in women with cancer of the breast 
(17) but also in non-cancerous subjects (15). 
It had been found previously (18) that stilbestrol 
administered for 10 days of the post-partum pe- 
riod will prevent to a great extent the fall in serum 
§-glucuronidase which otherwise normally occurs 
following parturition. The resemblance of the 
effects of methylandrostenediol and stilbestrol upon 
the 8-glucuronidase and the glucuronic acid of the 
blood is of interest from two points of view. First, 
it offers an avenue of approach to the development 
of chemical indices in the blood for evaluating the 
effect of chemo-therapeutic drugs in cancer of the 
breast and secondly, it suggests that in these sub- 
jects methylandrostenediol has a biochemical ef- 
fect in common with stilbestrol. 
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It remains to be established whether the phe- 
nomena observed with regard to glucuronic acid 
and glucuronidase in the blood of patients with ar- 
thritis or cancer under therapy are specific for 
these disorders or whether they may be the re- 
flection of a fundamental systemic effect without 
specific significance. 


GENERAL DISCUSSION 


There are only a few known facts concerning 
the origin and fate of glucuronic acid in mammals. 

Origin of glucuronic acid. It is generally be- 
lieved that liver glycogen is the ultimate source of 
glucuronic acid. Quick (19), in 1926, showed that 
the administration of insulin to diabetic dogs 
greatly increased the output of glucuronic acid, 
while Kobayashi (20), in 1934, found low glycogen 
content in the livers of rabbits which had been given 
the glucuronidogenic drug, avertin. Later, Schmid 
(21) reported that the tolerance to menthol was 
much less in hibernating frogs whose liver glycogen 
had been depleted and Dziewiatkowski and Lewis 
(22) found a 50 per cent reduction in liver gly- 
cogen four hours after administering menthol to 
rats. 

Direct evidence that glucose can be used for the 
synthesis of glucuronic acid in conjugated form 
was reported by Mosbach and King (23). After 
administering glucose labelled with C'* uniformly 
in all six carbons to guinea pigs which were simul- 
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taneously given borneol, the glucuronic acid of the 
Zn bornyl glucuronide isolated from the urine was 
found to contain radioactive carbon, likewise uni- 
formly distributed amongst its six carbon atoms. 

On the other hand, administered glucuronic acid 
is not converted into glucose, since, to take one 
example, Quick (24) was unable to relieve insulin 
convulsions in mice by the administration of glu- 
curone. 

Fate of glucuronic acid. Glucuronic acid in 
amounts of 3 to 10 grams is almost completely 
metabolized by humans (24-26) and rabbits and 
dogs similarly metabolize glucuronic acid (27). 
Flaschentrager and colleagues (26) isolated furan 
dicarboxylic acid from the urine of healthy sub- 
jects who had received glucurone in amounts which 
indicated a 20 per cent conversion of the glucurone 
to this compound. The furan dicarboxylic acid it- 
self is almost completely metabolized when given 
to humans. 

Enklewitz and Lasker (25) gave glucurone to 
pentosuriacs, since they had seen increased pento- 
suria following the administration to these patients 
of glucuronidogenic drugs. Over 20 per cent of 
glucurone was apparently converted into the /-xylo- 
ketose which was identified. This effect was not 
seen following the administration of conjugated 
glucuronic acid. 

Quick (24) first reported that dogs metabolized 
menthol and menthol glucuronide almost com- 
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pletely, and borneol and its glucuronide to a great 
extent. Smith and Williams (28) demonstrated 
that the rabbit metabolized stilbestrol glucuronide. 
It therefore seems reasonable that the intact con- 
jugated glucuronides may undergo metabolism. 

Scheme of glucuronic acid metabolism. In the 
accompanying scheme (Figure 11) the facts de- 
tailed above have been related. The evidence for 
dialyzable acid hexuronides rests on observations 
we have made on the nature of tissue uronides 
which show clearly that the dialyzable uronide of 
tissue is of a molecular species lower than hyalu- 
ronic acid and higher than that of the simple con- 
jugated glucuronides. In all the pathways postu- 
lated uncertainty is indicated as to the exact 
mechanism. Final conclusive proof that glucuronic 
acid behaves in the manner outlined must await 
definitive studies, possibly utilizing glucuronic acid 
labelled with C**, 

Present results. In our studies, it has been 
found that glucuronic acid in 5 gram amounts given 
orally is almost completely utilized as judged by 
the urinary excretion of glucuronic acid. 

Glucuronic acid tolerance curves. Of interest 
is the rapidity with which blood glucuronic acid 


levels, once elevated by oral glucuronic acid, de- 


cline to normal values. It would seem that the 
concentration of this substance is under homeo- 
static control by agencies which at present are un- 
known. The blood sugar and phosphorus remain 
unchanged during the course of glucuronic acid 
absorption and utilization. Accordingly, the pos- 
tulated homeostatic mechanism is probably unre- 
lated to glucose metabolism and may be related 
to formation of pentose and furan dicarboxylic 
acid. 

Observations in arthritis and cancer. In cer- 
tain patients, e.g., those with cancer of the rectum, 
there appears to be a definite retention of glu- 
curonic acid in the blood, and in others (see Fig- 
ure 8) there exists a tendency for a marked decline 
in blood glucuronic acid. In all patients, the serum 
glucuronidase declined after ingestion of glucuronic 
acid. On the basis of the present data, no explana- 
tion can be advanced for these phenomena, nor 
can these phenomena be considered peculiar only 
for cancer and arthritis. 

The lability of glucuronic acid concentration in 
the blood of patients with rheumatoid arthritis is 
interesting. It is known that glucuronic acid 
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compounds such as hyaluronic acid and chondroi- 
tin sulfate are important constituents of cartilage 
and the joint capsule. The present observations 
raise the question whether or not arthritis may be 
accompanied by a disorder of glucuronic acid 
metabolism. 

The frequent elevations of glucuronic acid seen 
in the blood of patients with carcinoma of the breast 
receiving methylandrostenediol therapy is a new 
observation for which no explanation is proposed. 

Finally, it is found that the continuation of study 
in this relatively new field of investigation may help 
in our attempts to understand the interrelation- 
ships in metabolism of the steroid hormones, glu- 
curonic acid and £-glucuronidase. 

CONCLUSIONS 

1. A method for determining glucuronic acid 
in blood and urine has been developed by modify- 
ing existing procedures and by substituting tolu- 
ene for ether in the extraction of the violet pig- 
ment produced in the naphthoresorcinol reaction. 
Toluene solutions of the pigment absorbed light 
maximally at 570-580 mp. A linear relationship 
was found between the optical density of toluene 
extracts prepared from the reaction of naphthore- 
sorcinol with glucuronic acid in the range of con- 
centrations employed (5y to 40 y). 

Values are reported for 100 normal individuals 
and in a number of arthritics and patients with can- 
cer of the breast. 

2. Glucuronic acid (glucurone) administered 
orally appears to be utilized inasmuch as little of 
it is excreted in the urine. In normal subjects, a 
peak in the blood glucuronic acid is found within 
30-60 minutes after ingestion which may persist 
from one to four hours. By six hours afterwards 
the blood glucuronic acid returned to pre-ingestion 
levels. 

3. In five out of 12 arthritics and seven of 10 
patients with cancer, these glucuronic acid toler- 
ance curves were abnormal. Some showed what 
appeared to be retention of glucuronic acid in the 
blood while others were characterized by an un- 
usually marked fall in glucuronic acid after the 
peak concentration had been passed. 

4. Serum f-glucuronidase activity fell simul- 
taneously with the rise in blood glucuronic acid 
seen in the glucuronic acid tolerance test. 
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5. These findings have been discussed in rela- 
tion to the known facts of glucuronic acid metabo- 
lism which have been received. 
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The rapid renal clearance of penicillin has made 
it difficult to maintain blood levels adequate to 
combat resistant organisms such as enterococci and 
many staphylococci. Diodrast (1), p-amino-hip- 
purate (PAH) (2), benzoic acid (3), sodium ben- 
zoate (3, 4), and carinamide (5), have been 
found to block renal tubular excretion of penicillin 
with enhancement of blood levels. Of these com; 
pounds, only carinamide has had wiedspread clin- 
ical use (6-8). Its value has been limited because 
the large doses required make it unwieldy and of- 
ten poorly tolerated (9). This disadvantage ap- 
pears to have been overcome by the recent dis- 
covery of a new compound, Benemid (10), which 
is apparently effective in low doses, and in prelimi- 
nary studies has been found to have little toxicity 
(11). This report is based on measurements of 
penicillin blood levels in 74 patients treated with 
intramuscular penicillin G or its procaine salt. 


MATERIALS AND METHODS 


The subjects studied were adult patients in the King 
County Hospital who were receiving penicillin for a wide 
variety of infections. Patients with renal disease or 
congestive heart failure were excluded. After control 
penicillin levels were obtained, Benemid was administered 
in doses of 0.5 gm. every six hours for at least 12 to 24 
hours prior to the measurement of the post-Benemid se- 
rum levels. Diet, salt, and fluid intake were not controlled. 
The concentrations of penicillin in the serum were de- 


1 Sharp and Dohme’s trade name for p-(di-n-propyl- 
sulfamyl] ) -benzoic acid. 


termined by a tube dilution method, using killing of a 
Group A hemolytic streptococcus as the endpoint (12). 


CALCULATIONS OF DATA OBTAINED 


Two methods were used to compute the increase in the 
penicillin levels after Benemid. The first method con- 
sisted of determining the increase found in each individual 
patient, and from these figures the average individual 
fold increase was calculated. The second method con- 
sisted of averaging all of the pre- and post-Benemid peni- 
cillin levels before computing the fold increase. 

Average of individual fold increases: For each patient 
the fold increase of the serum penicillin level after Bene- 
mid was determined by dividing the post-Benemid level 
by the pre-Benemid level. These individual fold increases 
were then averaged. In a few instances there was a de- 
crease rather than an increase following Benemid, and 
these fold decreases were subtracted from the total of 
the increases before dividing by the total number of 
patients. 

Fold increase of the average levels: Serum penicillin 
levels before and after Benemid were averaged separately. 
The fold increase of the average levels was then deter- 
mined by dividing the post-Benemid average by the pre- 
Benemid average. 


RESULTS 


The first group (Table I) consisted of 19 pa- 
tients who were receiving 300,000 units of pro- 
caine penicillin once daily. Levels before and 
after Benemid were measured on one occasion in 
each patient at three, 12 and 24 hours following a 
penicillin injection. Of the 57 occasions on which 
concentrations were determined before and after 
Benemid, there was an increase in the penicillin 


TABLE I 
Effect of Benemid on serum penicillin levels of 19 patients receiving 300,000 units of procaine penicillin once daily 


Hours after penicillin injection: 


Average serum level (units/cc.) before Benemid 
Range 

Average serum level (units/cc.) after Benemid 
Range 

Fold increase of average serum levels 

Average of individual fold increases 

Range 


0.5-10.0 


5 fold decrease to 
10 fold increase 


24 hrs. 
0.23 


3 hrs. 12 hrs. 


3.14 


1.07 
<0.04-5.0 

2.14 
<0.04-7.0 


; 2.00 
2.03 4.37 


1 to 10 fold 


increase 10 fold increase 
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level following Benemid 39 times (68.4%). In 
the other 18 instances, the Jevels remained the 
same, or were lower following Benemid (eight 
times at three hours; five times each at 12 and 24 
hours). The averages of the individual fold in- 
creases were 2.03, 4.37, and 2.82 at three, 12 and 24 
hours respectively, and the fold increases of the 
average levels were 1.99, 2.00, and 2.86. 

When the group was divided into patients over 
the age of 60 and those under the age of 60, those 
over 60 had uniformly higher levels before Bene- 
mid, and also greater and more consistent increases 
in the levels following Benemid. 

The second group (Table II) consisted of 27 
patients treated with 300,000 units of procaine peni- 
cillin every 12 hours. Levels were measured three 
and 12 hours following a penicillin injection. Of 
the 54 determinations which were made before and 
after Benemid, there was an increase of the penicil- 
lin level following Benemid on 50 occasions 
(92.6%). Three levels at the three hour interval 
were the same before and after Benemid, and in 
one patient the level was lower following Benemid. 
The averages of the individual fold increases were 
2.62 and 3.08 at three and 12 hours respectively, 
and the fold increases of the average levels were 
2.11 and 2.67. 

It was again noted that patients over the age of 
60 had higher levels before Benemid, and a greater 
increase in penicillin concentrations following 
3enemid. 

The third group consisted of five patients treated 
with 600,000 units of procaine penicillin every 


TABLE I! 


Effect of Benemid on serum penicillin levels of 27 patients 
treated with 300,000 units of procaine penicillin 
every 12 hours 


Hours after penicillin injection: 3 hrs. 12 hrs. 


Average serum level 
(units/cc.) before Benemid 


0.84 


Range 0.04-2.0 
Average serum level 
(units/cc.) after Benemid 


5.54 2.24 


Range 0.7-10.0 0.2-10.0 
Fold increase of the 
average serum levels 2.11 2.67 
Average of individual 
fold increase 2.62 3.08 

to 10 fold 


increase 


2 fold decrease to 
7 fold increase 


Range 
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TABLE Ill 


Effect of Benemid on serum penicillin levels of 19 patients 
treated with 100,000 units of crystalline penicillin G 
every three hours 


Three hour serum 
penicillin level 


0.48 


Average serum level 
(units/cc.) before Benemid 


Range <0.04-4.0 


Average serum level 


(units/cc.) after Benemid 1.43 


Range 0.07-10.0 


Fold increase of the average serum 
levels 


2.98 


Average of individual fold increases §.32 


Range 1 to 10 fold increase 


eight hours. In each instance the level after Bene- 
mid exceeded the control level. The average levels 
at the end of the eight hour period were increased 
by Benemid from 3.2 units/cc. to 10.4 units/cc. 
The fold increase of the average levels and the av- 
erage of the individual fold increases were both 
approximately 3.2. 

The fourth group (Table III) consisted of 19 
female patients (average age 29) from the Gyne- 
cology Service who were treated with 100,000 
units of crystalline penicillin every three hours. 
Serum penicillin levels were measured three hours 
after one of the penicillin injections. 
following Benemid were higher in 18 patients 
(94.6% ), and in the 19th, the level was the same 
before and after Benemid. Four patients (22%) 
had measurable levels only following Benemid. 
The average level before Benemid was 0.48 units/ 
cc.; the average level following Benemid was 1.43 
units/cc. In this series the average of the indi- 
vidual fold increases (5.32) was appreciably larger 
than the fold increase of the average levels (2.98). 
The significance of this difference will be men- 
tioned in the discussion. 

The fifth group (Table IV) consisted of four 
patients who received 1,000,000 units of crystalline 
penicillin every two hours. Two had pneumococcic 
meningitis, one had staphylococcic meningitis, and 
in the fourth the diagnosis was non-paralytic polio- 
myelitis. Serum penicillin levels were measured 


The levels 


two hours following an injection of penicillin. The 
average serum level was increased by Benemid 
from 21 units/cc. to 73 units/cc. In two of the pa- 
tients spinal fluid levels were determined both be- 





EFFECT OF BENEMID ON SERUM 


fore and after Benemid, and showed increases of 10 
to 40 fold. 
TOXICITY 


The toxicity of Benemid appears to be of low 
order. Most of the patients in this study received 
Benemid for only 48 to 72 hours, and in all in- 
stances the dosage was 2 gm. per day. However, 
five patients received Benemid for over two weeks. 
In none of the patients was there any evidence of 
systemic toxicity. Intolerance was limited to one 
patient who vomited the medication, and one pa- 
tient who complained of dizziness. No abnormal 
urinary findings were detected during or after 
Benemid administration. 


DISCUSSION 


The foregoing data clearly indicate that the oral 
administration of a new compound, Benemid, 


causes a significant elevation of serum penicillin 
levels. In the 139 instances in which a compari- 
son was made, penicillin levels were 3.39 times 
higher after Benemid. This is comparable to the 
elevation obtained with carinamide, and is ac- 
complished with a much smaller dose. The lower 
dosage requirement is probably largely responsible 
for the greater tolerance of Benemid, and will un- 
doubtedly lead to a much wider general acceptance. 

It should be noted that penicillin concentrations 


TABLE IV 


Effect of Benemid on serum and cerebrospinal fluid levels of 
four patients treated with one million units of 
penicillin every two hours 








After Benemid 
penicillin levels 
(units/cc.) 


Before Benemid 
penicillin levels 
(unsts/cc.) 


Fold Increase 
Patient 





Serum CSF Serum 





10 50 
10 50 
70 





Average 
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were not invariably higher after Benemid adminis- 
tration. The least favorable results from this 
standpoint were obtained with procaine penicillin 
(300,000 units) injected once daily, in which an 
elevation occurred in only 68% of the instances. 
When procaine penicillin was administered twice 
daily, elevations occurred in 92%, and with 
aqueous penicillin administered every three hours, 
enhancement was recorded in 95% of cases. The 
marked variability in absorption of penicillin, es- 
pecially the procaine salt, undoubtedly accounts 
for these results, and it is not surprising that the 
greatest inconsistencies occurred when penicillin 
was injected only once daily. 

In the present report, the enhancement of penicil- 
lin levels has been expressed mathematically in 
two ways, as the average of the individual fold 
increases, and as the fold increase of the aver- 
age levels. Disparities between these two fig- 
ures occurred in all major groups studied, and 
are a reflection of the marked variability of 
penicillin levels obtained in different patients. 
In any one patient, the results are usually 
fairly constant from day to day, but even under 
these circumstances there is enough variability in 
absorption to produce marked discrepancies. A 
good example occurred in Group 4, in which the 
average of the individual fold increases (5.32) was 
considerably higher than the fold increase of the 
average levels (2.98). 
only one patient, whose pre- and post-Benemid 
penicillin levels were 4 and 10 units respectively, 
would have so altered the results that with both 
methods of calculation the final figure would have 
been approximately 5.3. The average of the indi- 
vidual fold increases would appear to be the most 
valid method of expressing the results, since it 
indicates the increment in levels in each patient. 
This point has seemed worthy of emphasis since it 
is not universally realized that there is a great vari- 
ability in penicillin levels from patient to patient. 

The administration of 
contribute little to penicillin therapy in the ma- 
jority of infections caused by penicillin sensitive 
organisms. However, there are certain conditions 
in which it may prove of great value in bringing 
about a favorable response, and in reducing the 
cost of treatment. Subacute bacterial endocarditis, 
especially when caused by penicillin resistant or- 
ganisms such as enterococci, is one of the diseases 


Here, the exclusion of 


3enemid will probably 
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in which a great deal may be accomplished by 
Benemid administration. Large amounts of peni- 
cillin are required to maintain levels as high as 20 
units/cc. With Benemid, such levels may be ele- 
vated to 40 or 80 units/cc. without increasing the 
dosage of penicillin. In some cases this will un- 
doubtedly bring about effective therapy, and will 
at the same time minimize the mechanical and 
economic problems of massive penicillin therapy. 
Infections with other penicillin resistant organisms, 
such as staphylococci and certain of the gram nega- 
tive bacilli, also fall into this category. In the pa- 
tients who received Benemid in addition to 1,000,- 
000 units of crystalline penicillin every two hours, 
the blood levels were never lower than 40 units/cc. 
Concentrations of this magnitude should be ef- 
fective in the therapy of certain infections which 
are not ordinarily considered susceptible to peni- 
cillin. 

The results obtained in the four patients with 
meningitis were of special interest. Spinal fluid 
penicillin concentrations were elevated 10 to 40 
fold in patients treated by the intramuscular route 
alone. The clinical response in these -patients was 


striking, especially in a 43 year old woman who 
was seriously ill with staphylococcal meningitis. 
Benemid given in conjunction with large intra- 
muscular doses of penicillin would appear highly 
efficacious in treating meningitis due to gram 
positive bacteria. 

Finally, Benemid may find an important place 


in conjunction with oral penicillin therapy. The 
effectiveness of Benemid in prolonging therapeutic 
concentrations of penicillin should make it possible 
to achieve results with smaller doses, or with ad- 
ministration at greater intervals. 


SUMMARY AND CONCLUSIONS 


The effect of the oral administration of 0.5 gm. 
of Benemid every six hours on serum penicillin 
levels was measured in 74 patients. In 51 patients 
treated with procaine penicillin, there was enhance- 
ment of penicillin levels following Benemid in 81% 
of the instances, with an average fold increase of 
2.87. In 23 patients treated with crystalline peni- 
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cillin the levels were higher in 96% of the cases, 
with an average fold increase of 5.10. This three 
to five fold enhancement of penicillin levels should 
make the therapy of certain penicillin resistant in- 
fections considerably less expensive, and simpler 
from a mechanical standpoint. 
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Accurate evaluation of the improvement in rheu- 
matoid arthritis during therapy has always been 
greatly hampered by the lack of any quantitative 
criteria. Clinicians have depended upon a summa- 
tion of clinical observation and a lowering of the 


erythrocyte sedimentation rate to prove a lessening 
of arthritic activity (1). Such clinical observations! 


as decrease in joint tenderness or swelling, or in- 
crease in range of motion of the affected joints are 
subject to great variation of interpretation, de- 
pending upon the experience and enthusiasm of the 
physician, and upon the usual fluctuations of the 
disease process itself. The patient is often so en- 
thusiastic about any new form of therapy that he 
minimizes his joint tenderness, and puts forth ex- 
tra effort in attempting motion. The erythrocyte 
sedimentation rate, for years the only laboratory 
index of degree of activity in rheumatoid arthritis, 
is a non-specific test. Decrease in the rate often 
lags far behind obvious clinical improvement, and 
the degree of elevation of the sedimentation rate 
is not always in proportion to the activity of the 
arthritis (2). The ideal yardstick for improvement 
must be objective, must show changes promptly 
when they occur; the gradient must be sufficient 
to overshadow technical errors, and it must be con- 
sistent under standard conditions. 

In previous reports, Hollander and Horvath 
(3, 4) have shown that the internal temperature of 
the rheumatoid arthritic joint appears to be elevated 
in close correlation with the amount of local in- 
flammation as estimated from careful clinical evalu- 


1 Read in part before the annual meeting of the Ameri- 
can Rheumatism Association, San Francisco, California, 
June 23, 1950. 
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Public Health Service. 

3 National Foundation for Infantile Paralysis, Fellow 
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4 Ayerst, McKenna and Harrison Fellow of the Associ- 
ation for the Study of Internal Secretions. 

5 Fellow of the Belgian-American Education Foundation. 


ation. The internal temperature of a chronically 


inflamed joint varies little from day to day, or even 
from week to week, under standard conditions of 
rest and room temperature except when distinct 
changes in activity of the disease occur (4). Ap- 
plication of heat or cold over a joint, exercise 
(4, 5), and administration of certain drugs pro- 
duce significant changes in joint temperature (6). 
Because of these observations, particularly the 
fact that intra-articular temperature determination 
apparently measures objectively the degree of in- 
flammation of the rheumatoid arthritic joint, it was 
decided to study the effect of various anti-arthritic 
agents on the joint temperature in rheumatoid 
arthritis. 
METHODS 


As previously described (4), the method for determin- 
ing intra-articular temperature consisted of inserting a 
filamentous copper-constantan thermocouple into the joint 
space (usually the knee) through the bore of an as- 
pirating needle. In the experiments here reported, the 
e.m.f. developed was translated into degrees Centigrade 
by an automatic recording electronic potentiometer, 
which printed the temperature readings on a kymo- 
graphic record. Determinations were made in a con- 
stant temperature room (22°+1° C.) with the patient 
at rest for 30 minutes. 

At the time the aspirations for joint temperature de- 
termination were performed, specimens of the joint fluid 
were obtained for total leukocyte count. The synovial 
fluid specimens in oxalated tubes were examined within 
one half hour after collection. The fluid was diluted in 
a white cell pipette and counted in a standard counting 
chamber in the usual way. Tenth normal hydrochloric 
acid was used as the diluting fluid. Specimens which 
contained gross blood were not included. 

Serial joint temperature determinations were made on 
21 afebrile patients with active rheumatoid arthritis. 
In 19 of these an inflamed knee was studied, and in two 
the temperature in an inflamed ankle was measured. 
Control observations were made on two or three consecu- 
tive days prior to administration of cortisone acetate ® or 


6 The cortisone acetate was supplied by Merck and Co. 
through Dr. James M. Carlisle, Medical Director, who 
also kindly supplied the tablets of cortisone used. 


701 





702 


pituitary adrenocorticotropic hormone (ACTH) 7 to be 
sure the pretreatment temperature was consistent. Eleven 
patients were observed with parenterally administered 
cortisone, and ten with ACTH. The dose of cortisone 
was 300 mg. the first day, and 100 mg. daily thereafter. 
ACTH was administered in 80 mg. daily doses (20 mg. 
every six hours). Joint temperature determinations were 
made four hours after the first dose of drug in six in- 
stances, and daily determinations were made throughout 
the observation period in all. 

In addition to the above studies, cortisone acetate tab- 
lets © were administered orally to six patients with rheu- 
matoid arthritis and serial joint temperature studies were 
performed. Control temperatures were taken just previ- 
ous to administration and again after 48 and 96 hours of 
therapy. The oral dosage of cortisone was 150 mg. daily, 
administered as three doses of 50 mg. each for the first 
The amount was then re- 
No other medica- 


three days of the study period. 
duced to 100 mg. daily in divided doses. 
tion was used during the period of study in any case. 

As an additional experiment eight patients with rheu- 
matoid arthritis were given various agents, supposedly 
“anti-arthritic,” for a period of one week in recommended 


“effective” doses. Following this, and without the pa- 


tient’s knowledge, 100 mg. daily of cortisone were sub- 


™The ACTH was supplied by Organon, Inc., through 
Dr. Kenneth Thompson, Medical Director, and by Ar- 
mour Laboratories, through Dr. John R. Mote, Medical 
Director. 
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Fic. 1. Tue Init1ac FALL In INTRA-ARTICULAR TEM- 
PERATURE IN 21 CASES OF RHEUMATOID ARTHRITIS ON 
CorTISONE or ACTH 

Slopes in the ten on ACTH and the 11 on cortisone 
were so similar that they are not differentiated. 
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EFFECT OF SHORT TERM PARENTERAL CORTISONE 
ON KNEE JOINT TEMPERATURE IN 7 CASES OF 
RHEUMATOID ARTHRITIS 
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Fic. 2. TypicAL VARIATIONS IN KNEE JorntT TEM- 
PERATURE DURING AND AFTER ADMINISTRATION OF COoRTI- 
SONE (orn ACTH) 


stituted for the unproved “anti-arthritic” agent being as- 
sayed. Daily joint temperature determinations were made 
throughout the experiment in each instance. 


RESULTS 
Effect of Parenteral ACTH and Cortisone 


Within 24 hours of the initiation of hormone 
therapy, a prompt and consistent fall in joint tem- 
perature in every case was demonstrated. This ini- 
tial trend is illustrated by Figure 1. The minimum 
decrease in joint temperature during the first 24 
hours of administration of cortisone or ACTH 
was 0.7° C., the maximum decrease was 2.7°, and 
the average was 1.4° C. This is in contrast to a 
maximum fluctuation of 0.4° during the control pe- 
riod. Since the rate of fall in both ACTH and 
cortisone treated cases was identical, they are not 
differentiated in the figure. On subsequent treat- 
ment days the joint temperature continued to de- 
crease, usually approaching normal levels within 
three to five days (t.¢., approximately 33° C. for 
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the knee, and 29° C. for the ankle). A careful 
statistical analysis of the figures showed that the 
rate of fall was significant.® 

It was observed that the fall in joint temperature 
on treatment with the hormones preceded de- 
tectable clinical improvement in 14 of the 21 pa- 
tients, and preceded by some days any significant 
change in the sedimentation rate in all but two in- 
stances. In five of the patients a rebound, or tem- 
porary increase in the joint temperature, was noted 
between the third and fifth day of treatment. Char- 
acteristic curves of the joint temperature response 
during and after cortisone administration are 
charted on Figure 2. These same variations were 
seen with ACTH. 

The joint temperature began to rise within 24 
to 48 hours after stopping ACTH or cortisone ad- 
ministration in all cases studied. This rise pre- 
ceded clinical relapse in 17 instances. In five pa- 
tients, however, some rise in temperature of the 
joint was noted even before the hormones were 
stopped. In 14 instances the joint temperature 
had returned to pre-treatment levels within one 
week after cessation of cortisone or ACTH, but 
in seven cases (five ACTH treated, and two corti- 
sone treated) the relapse to pre-treatment joint 
temperature levels was delayed until the ninth to 
13th post-treatment day. 

The serial synovial fluid cell counts on the pa- 
tients during administration of cortisone or ACTH 
showed a pronounced decrease in leukocytes which 
paralleled the fall in joint temperature. This is 
illustrated in Figure 3. Frequent technical diff- 
culties from clotting of the fluid, contamination with 
interfered with ac- 


blood or insufficient fluid 


curate results. Because of such difficulties only 


nine of the 21 cases under study could be charted. 


The Effect of Oral Cortisone on Intra-articular 
Temperature 


In all six patients to whom cortisone acetate 
was administered orally in the form of tablets, a 
marked drop in joint temperature was noted within 
48 hours. Since these were out-patients, an initial 
24 hour joint temperature determination was not 
accomplished. Figure 4 illustrates the drop in 


8 Acknowledgment is made to Dr. J. Harold Austin, 
Emeritus Professor of Research Medicine, University of 
Pennsylvania, for the statistical analysis of the data. 
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Fic. 3. Tue Errect or ACTH or Cortisone ADMINIS- 
TRATION ON THE JOINT FLurp CeLt Count IN NINE CASES 
OF RHEUMATOID ARTHRITIS 

Cases S, M, C, and La were on ACTH; L, 535i, G, W, 
and Me were on cortisone. 


joint temperature after oral administration which 
paralleled the fall in joint temperature seen on 


parenteral administration (Figure 1). The clini- 
cal improvement noted in these patients was com- 
parable to that seen with parenteral administration 
of cortisone. 

The Effect of Other So-called “Anti-arthritic” 
Agents versus Cortisone on Joint Temperature 


Since the method of joint temperature determi- 
nation showed such a prompt change in every case 
treated with cortisone or ACTH, it has been used 
to test other possible “anti-arthritic” agents. 
eral steroids have been recommended for treating 
rheumatoid arthritis: delta-5-pregnenolone (7), 
testosterone (8), 2l-acetoxypregnenolone (Arti- 
sone) (9), and others. Some of these were identi- 
fied only by number as their structural formulae 
and chemical names had not been revealed at the 
time of study. The steroids used for the study 
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were (a) No. 10270 (16-dehydropregnenolone ace- 
tate), (b) 2l-acetoxypregnenolone (Artisone), 
(c) testosterone propionate, (d) delta-5 pregnen- 
olone, and (e) C.S. 117 (21-acetoxypregnenolone 
acetate ).° 
tive (3-hydroxy, 2-phenyl cinchoninic acid), re- 
ferred to as H.P.C., has been recommended for its 
possible anti-rheumatic activity (10). 


In addition, one cinchoninic acid deriva- 


3ecause of 
the unproved effects of the “other steroids,” as 
well as their unknown nature in some instances, 
they have been labelled in Figure 5 as “myster- 
oids.” The doses of each agent used are given in 
the legend of Figure 5. Each one was administered 
in the “recommended” amounts, and continued 
for one week, after which cortisone was substituted 
in the usual dosage. Only one or two examples of 
treatment with each “mysteroid” were studied 
with serial joint temperature determination, as 
the clinical results in a series of patients treated 


® The above agents were kindly supplied by Eli Lilly 
and Co., Organon, Inc., and Wyeth, Inc. 
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with each of these other agents had been discourag- 
ing. The contrasting effect, in each of the eight 
cases, of the unproved drug and cortisone on the 
joint temperature of the inflamed knee is ap- 
parent. These patients had been admitted “for 
cortisone treatment,” so believed they were re- 
ceiving cortisone from the beginning of the study. 
None of the “mysteroids” produced any signifi- 
cant fall in joint temperature nor objective clinical 
improvement, yet in every case a prompt and 
marked fall occurred with the administration of 
The fall in joint temperature with the 
start of cortisone administration was accompanied 


cortisone. 


by prompt clinical improvement in every case stud- 


ied. Interestingly enough, without exception, 


these patients, even though unaware that cortisone 
had been substituted, remarked on this sudden 
change in effectiveness. The joint temperature in 


the patient given H.P.C. orally was depressed 


about 1° C. from the control level throughout the 
38 
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Fic. 5. Tue Comparative Errect oF ADMINISTRATION 
OF OTHER “ANTI-ARTHRITIC” AGENTS (MYSTEROIDS) AND 
CoRTISONE ON THE KNEE JOINT TEMPERATURE IN EIGHT 
CASES OF RHEUMATOID ARTHRITIS 

Cases 1 and 4 received 300 mg. daily of 16-dehydro- 
pregnenolone; cases 3 and 7 received 300 mg. daily of 21- 
acetoxypregnenolone; case 2 received orally 40 mg./kg. 
body weight daily of H.P.C.; case 5 received 200 mg. of 
testosterone propionate daily; case 6 received 300 mg. 
daily of delta-5 pregnenolone, and case 8 received 300 
mg. of 2l-acetoxypregnenolone acetate daily during the 
initial period. 
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Fic. 6. THe CoMPARATIVE EFFECT OF ADMINISTRATION 
OF OTHER “ANTI-ARTHRITIC” AGENTS AND CORTISONE ON 
THE Joint FLuip Cett Count In Four Cases oF RHEU- 
MATOID ARTHRITIS 


Doses used were noted on Figure 5. 


period of administra**on, much the same as pre- 
viously noted from large doses of salicylates (6). 
Here again when cortisone was substituted the 
drop in joint temperature was more pronounced 
and objective clinical improvement was noted. 
The correlated determination of cell count 
of the synovial fluid with this study is illustrated by 
Figure 6. Little change in the synovial fluid cell 
count was noted until cortisone was substituted 
for the “mysteroid,” after which the cell count 
decreased in three out of four instances. 


DISCUSSION 


With the advent of cortisone and ACTH, it 
became possible to bring about rapid clinical im- 
provement in rheumatoid arthritis. Using these 
agents, and correlating clinical improvement with 
joint temperature measurement, a distinct paral- 
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lelism was demonstrated. The experiments were 
limited to relatively short periods of observation, 
but appeared to demonstrate the prompt effective- 
ness of the agents under study. Whereas clinical 
determination of effect is difficult to evaluate on any 
but a large series of patients over considerable 
time, serial joint temperature determination might 
provide a rapid, relatively simple criterion for de- 
termining drug effectiveness in active rheumatoid 
arthritis. 

The changes in joint temperature produced by 
administration and withdrawal of ACTH and cor- 
tisone seem greater than one would expect from 
circulatory variation alone. Changes in tissue 
metabolism in the synovium might account for 
much of the increased or decreased heat. This is 
still under study. 

Moderate variations of room temperature have 
only a relatively minor effect on joint temperature 
(4). The electronic potentiometer recorded 
room temperature as well as simultaneous skin and 
joint temperatures. It will be noted from Figure 3 
that an occasional break in the steady downward 


slope of joint temperature was recorded. In three 


of five such instances a restless night preceded the 


test, but as yet no definite explanation for the 
temporary elevation has been found. Likewise, 
the rise in joint temperature seen before stopping 
the hormones in seven cases may have indicated 
that the dose was inadequate, but this is not certain. 

At least by the criterion of joint temperature 
measurement no other drug has been found so far 
which has any therapeutic effect at all comparable 
to ACTH or cortisone. By this method also, 
the effectiveness of orally administered cortisone 
has been found comparable with the parenteral 
preparation. 

Because of the already described technical diffi- 
culties experienced in performing the joint fluid 
cell counts, the method for determining clinical 
effect objectively by drop in cells in the synovial 
fluid was found to be inferior to the more consistent 
determination of joint temperature. 


SUMMARY 


Serial intra-articular temperature determinations 
were made on 21 rheumatoid arthritic patients be- 
fore, during, and after a course of parenterally ad- 
ministered ACTH or cortisone. Cell counts were 
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made on the synovial fluid obtained at the time 
of the aspirations for temperature determination in 
nine of the 21 patients. In every instance there 
was a pronounced fall in joint temperature within 
the first 24 hours of ACTH or cortisone adminis- 
tration, which approached normal by the fourth 
day of the treatment period. Joint fluid cell counts 
also showed a pronounced drop. Cortisone was 
administered orally to six patients with rheumatoid 
arthritis, with serial joint temperature determina- 
tions showing a similar fall in every instance. 
Eight patients with rheumatoid arthritis were given 
various other steroids for a period of one week, and 
serial joint temperature determinations made. 
Without the patients’ knowledge cortisone was then 
substituted. None of these supposed anti-ar- 
thritic agents produced the fall in joint temperature 
which occurred in every case after the substitu- 
tion of cortisone. 

Serial joint temperature determination is sug- 
gested as a rapid and possibly specific laboratory 
method for establishing additional evidence of 
therapeutic effectiveness of anti-arthritic agents. 
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Extensive studies are available concerning the 
effect of epinephrine upon the lesser circulation of 
several species of animals and a variety of animal 
preparations. Until recently, this type of investi- 
gation has not been possible in man. The develop- 
ment of methods has now made such studies feasi- 
ble, and much can be learned in a quantitative and 
semi-quantitative way. The intracardiac catheter, 
the dye dilution techniques for blood flow and vol- 
ume, and a high frequency recording manometer 
are the corner-stones of the present study. 

The purpose of this work was to discover what 
changes in pulmonary circulatory dynamics re- 
sulted from an intramuscular injection of epineph- 
rine into a human. This aim was primarily clini- 
cal; therefore, dose, route of administration, and 


drug preparation were those commonly employed 
in therapy. 


MATERIALS AND METHODS 


The patients were chosen at random from the medical 
and surgical chest services at Lawson VA Hospital. In 
age they ranged from 20 to 55 years. The average age 
was 31 years. All were male. Diagnoses and a sum- 
mary of data are listed in Table I. None had clinical 
evidence of cardiovascular disease. With the exception 
of Cases 1, 2, 12, and 13, the pulmonary lesions were so 
sharply localized or limited in degree that no significant 
disturbance in the pulmonary circulation was suspected. 
The experiments dealing with intravenous and _ intra- 
muscular injection of epinephrine were performed on 
these 13 patients in the post absorptive state. 

The epinephrine ? was a U.S.P. preparation and is said 
by its manufacturer to be a synthetic material, to exist 
100 per cent in the levo-rotatory form as a hydrochloride, 
and to contain no traces of nor-epinephrine. 


1 Reviewed in the Veterans Administration and pub- 
lished with the approval of the Chief Medical Director. 
The statements and conclusions published by the authors 
are the result of their own study and do not necessarily 
reflect the opinion or the policy of the Veterans Adminis- 
tration. 

2Gold Leaf Pharmacal Company, New Rochelle, New 
York. 


Pulmonary artery catheterization was performed in the 
usual way with a 6-F or 8-F intracardiac catheter. All 
systemic arterial blood samples and pressure records 
were obtained from an indwelling, femoral arterial needle. 
An electromanometer (Sanborn), recording through a 
single channel, direct-writing electrocardiograph (San- 
born), was used for all pressure tracings. Arbitrary ref- 
erence point was 5 cm. below the sternal angle of Louis. 
Mean pressures were obtained by electrical integration of 
the pulse contours. Pulmonary “capillary” pressures were 
obtained as described by Hellems, Haynes, and Dexter (1). 

Cardiac outputs were derived by the dye dilution method 
of Hamilton (2, 3), using Evans Blue dye (T-1824), and 
the technique of Dow and Pickering for determination of 
dye concentration (4). Dye output determinations done 
in this way have been shown to correlate well with the 
Fick procedure (5). The lesser, mean, and total circula- 
tion times, as derived from the graphic representation of 
the dye concentration curve, may be defined as follows: 
Lesser (fastest) circulation time is the appearance time 
(extrapolated) of the first detectable dye arriving at the 
femoral artery by the most rapid pathway. Mean circu- 
lation time is the mean of the appearance times of dye par- 
ticles arriving at the femoral artery from all pathways 
during the dye’s first complete circulation, and total cir- 
culation time is the time required for the dye column to 
completely circulate one time after having first reached 
the femoral artery (time of recirculation minus the lesser 
circulation time). A figure (“Q”) was also derived from 
the dye curve as an index of pulmonary blood volume, as 
described by Ebert and associates (6). “Q” not only rep- 
resents blood in the pulmonary vascular bed but also that 
in the left side of the heart, the aorta, and certain large 
arteries. 

Although both Ebert and we ourselves have noted con- 
siderable scatter of values for “Q” in a series, we have 
also noted a surprising reproducibility in the same pa- 
tient (7), even when the patient was in an unstable state. 
Figure 1 indicates that in the present study unless the 
“Q” value decreased by a very large amount, which we 
have attributed to the epinephrine, the majority of the 
figures changed less than 10 per cent in spite of gross 
changes in both cardiac output and mean circulation. In 
no case in which we have checked the procedure without 
disturbing the circulation, has there been a discrepancy 
of over 15 per cent, and almost all were within 10 per cent. 

Vascular resistance and cardiac work were calculated 
according to the formulae mentioned by Dexter and as- 
sociates (8). 

The basic experiments were done as follows: The fast- 
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EFFECT OF EPINEPHRINE ON PULMONARY CIRCULATION 


ing patients were sedated with .1 or .2 gm. of sodium 
phenobarbital intramuscularly, the catheter placed in the 
pulmonary artery, and the indwelling, femoral arterial 
needle inserted. A preliminary dye injection was made 
and several pressure tracings taken. Then 0.5 to 0.7 cc. 
of 1:1000 dilution of epinephrine was injected intra- 
muscularly, and pressures were closely followed. From 
two and one-half to 10 minutes later, a second dye in- 
jection was made. In most instances, the pressures were 
followed until their return to normal. in one case, a third 
dye injection was done. In addition, 0.025 mg. of 
epinephrine was given intravenously on six occasions, and 
continuous tracings of either th: femoral, pulmonary ar- 
terial, or pulmonary “capillary” pressures were recorded. 


RESULTS 
Pressure Changes in the Pulmonar) Circulation 


Under basal conditions at the beginning of the 
studies, the average pulmonary artery pressure for 
our 13 patients was 18.6 with a mean value of 11 
mm. Hg. Mean “capillary” pressures in five pa- 
tients averaged 4 mm. Hg with a range of from 2 
to7 mm. Hg. These pressures are generally lower 
than those found in some normal series (8). The 
reason for this difference probably lies in the arbi- 
trarily chosen reference points. Our average pul- 
monary artery-pulmonary “capillary” gradient was 
8.6 mm. Hg with a range of from 4 to 14 mm. Hg. 

The mean pulmonary artery pressure rose in 
every case following the injection of epinephrine. 
The average rise of the mean pulmonary artery 
pressure was 4.4 + .54% mm. Hg with a range of 2 
to8 mm. Hg. This rise was due chiefly to an ele- 
vation of systolic pressure which rose, on the aver- 
age, 6 mm. Hg with a range of 2 to 14 mm. Hg. 
The average diastolic rise was only 2 mm. Hg with 
a range of O0to6 mm. Hg. The only two patients 
who had a striking diastolic rise (6 mm. Hg each) 
were among those four who were judged to have 
severe chronic lung disease but no pulmonary hy- 
pertension. The other two such patients had mild 
pulmonary hypertension but had diastolic rises of 
only 2 and 3 mm. Hg each. 

The pulmonary pressure rise usually began in 
one to two minutes after the intramuscular in- 
jection, reached a peak in two to 16 minutes (aver- 
age 7 mm. Hg), and gradually returned to basal 
levels in about 20 minutes. In three patients, how- 
ever, the return to normal was not so prompt, and 
pressure was still elevated at 30, 32 and 46 minutes 


8 All values are expressed as mean + standard error of 
the mean. 
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Fic. 1. RELATION BETWEEN CHANGES IN THE MEAN 
VALUES OF PULMONARY BLOop VOLUME INDEX AND PUL- 
MONARY ARTERY PRESSURES AFTER ADMINISTRATION OF 
EPINEPHRINE 

When the index of pulmonary blood volume (“Q”) was 
determined at a time when the epinephrine-induced pul- 
monary hypertension was at its peak (in five cases), the 
pulmonary blood volume index had fallen considerably be- 
low its initial level. Also, in these five cases, the changes 
in cardiac output were much less than in the remaining 
eight cases. 


after injection. In these patients, no clinical or 
subjective signs of epinephrine effects were then 
present, with the exception of a slightly elevated 
pulse rate. 

The pulmonary “capillary” pressure measured in 
five cases rose very slightly if at all. The average 
pressure at the time of the second set of determina- 
tions was only 0.5 mm. Hg higher than the average 
before epinephrine. This average figure, derived 
from single readings, sometimes temporally distant 
from the peak effect, however, obscures the fact 
that there was a 2 to 3 mm. Hg rise in pulmonary 
“capillary” pressure in most cases coincident with 
the peak rise in mean pulmonary artery pressure. 
It was never of sufficient degree to account for the 
total elevation in mean pulmonary artery pressure 
and, as in Case 2 (Figure 2), had disappeared, 
while the pulmonary artery pressure was still high. 

The pulmonary artery-pulmonary “capillary” 
gradient, however, had increased quite sharply in 
four cases and slightly in the fifth at the times at 
which it was measured. The average increase was 
3 mm. Hg higher after epinephrine. 
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EPINEPHRINE .5CC. Im 


HEMODYNAMIC CHANGES FOLLOWING EPINEPHRINE INJECTION AS 
OBSERVED IN CASE 9 


a2. = cardiac output 

~~ = index of pulmonary blood volume 
P.A.-Sys>-= pulmonary artery systolic pressure 
P.A. Mean = pulmonary artery mean pressure 
P.A. Diast.= pulmonary artery diastolic pressure 
P.C. Mean = pulmonary “capillary” mean pressure 


Calculated figures for pulmonary vascular resistance are written beneath 


“Q” block graphs. 


Time of injection of epinephrine is represented by large 


arrow at time denoted as 10:00 o'clock. Note that “Q” decreased consider- 
ably in the presence of elevated pulmonary resistance, pulmonary artery pres- 


sure, and cardiac output. 


An attempt was made to determine whether a di- 
rect effect of epinephrine on the pulmonary artery 
could be demonstrated by injecting 0.025 mg. of 
epinephrine directly into the antecubital vein and 
noting the time required for the expected rise in 
pulmonary artery pressure to occur. The proce- 
dure was then repeated in the same patient while 
a continuous tracing was made of the pulmonary 
artery, capillary, or femoral artery pressure. If 
the intravenously injected epinephrine had had a 
direct effect on the pulmonary vascular bed in its 
first passage through it, a rise in pulmonary ar- 
tery pressure should be expected in eight to 10 
seconds (9). Only one of three patients showed 
a detectable response at a time (11 seconds) ap- 
proaching this, and that patient also had just as 
early a response in femoral artery pressure. 
Therefore, we were unable to demonstrate by this 
rough method and with this dosage, a direct effect 


of epinephrine on the pulmonary vascular tree. 
Doyle, Wilson, and Warren (10), using a similar 
technique, have shown that in four of a group of 
five patients there was a rise in pulmonary artery 
pressure within 10 to 12 seconds after the intra- 
venous injection of epinephrine. Other studies 
with simultaneous ballistocardiograph and femoral 
and pulmonary artery pressure tracings, after a 
small intravenous dose of epinephrine, should be 
done. 


Cardiac Output, Pulse Rate, Stroke Volume 


Before epinephrine, our initial cardiac indices 
averaged 3.0 L/min./sq.m. with a range from 2.3 
to 4.3, which compares favorably with basal pa- 
tients studied by the Fick method (11). Two and 
one-half to 11 minutes after the intramuscular in- 
jection of epinephrine the mean rise of the cardiac 


index was 1.0+0.1 L/min./sq.m. There was a 
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rise in 11 of the 13 patients, no change in one 
(Case 10), and a definite fall in another (Case 
12). There was no apparent reason for the faiiure 
of the index to rise in Case 10. Case 12, however, 
was rather anxious and had a high initial cardiac 
output which probably masked any change that 
might have been caused by the epinephrine. There 
was, in addition, very little acceleration of the pulse 
in this patient after epinephrine in spite of a defi- 
nite change in circulation time. 

Pulse rate increased from five to 30 beats per 
minute following epinephrine. Averages before 
and after epinephrine were 82 and 98 respectively. 
A rise was noted in all 13 cases. 

Stroke volume increased in 10 of 13 cases. In- 
creases ranged from 8 to 90 per cent with an 
average rise of 26 per cent. In the other three 
cases, there was a moderate fall of from 16 to 22 
per cent. 


Circulation Times 


Speed of circulation of the dye from pulmonary 
to femoral artery was increased in every instance 
following epinephrine. This was not so apparent 
in the “lesser” circulation time because sampling of 
femoral arterial blood was done only at two-second 
intervals, and the smaller absolute changes might 
have been partially missed. Average resting values 
for the lesser, mean, and total circulation times 
were 5, 11.7, and 12.8 seconds respectively. After 
epinephrine, these values dropped to 2.9, 8, and 
9.4 seconds. There was an impressive acceleration 
of blood flow in every case when measured by the 
mean circulation time. 


Pulmonary Blood Volume Index or “Q” 


The average “Q” for our 13 patients under basal 
conditions was 1087 cc. ranging from 470 to 1730 
cc. These figures are slightly lower than the figure 
given by Ebert and colleagues (6). One explana- 
tion may be that Ebert’s group was a more nearly 
normal group. Moreover, the cardiac outputs and 
mean circulation times used in the formula for “Q” 
by Ebert were not simultaneous, since the outputs 
were done by the Fick procedure and the circula- 
tion time derived from a dye curve obtained after- 
wards. There may have been changes in the cir- 
culation time or cardiac output between the two 
procedures. 
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The average “Q” after epinephrine was 959 cc., 
an average decrease of 128 + 72 cc., which is not 
significant. It must be remembered that usually 
only one dye dilution curve, covering a period of 
about 20 seconds, was done on each patient after 
the epinephrine injection. Transient changes 
might or might not have coincided with the dye 
procedure. This, indeed, seems quite probable 
when individual protocols are studied. Figure 1 
illustrates a significant correlation between the 
height of the pulmonary artery pressure rise and 
the change in “Q.” If the procedure was done 
when the mean pulmonary artery pressure was 
quite high, “Q” was apt to have fallen; if the de- 
termination was done before or after the peak rise 
in pressure, the “Q” value remained nearly the 
same. Figure 1 reveals five cases (Cases 9-13) 
in which “Q” fell from 16 to 46 per cent (150 to 
600 cc.), well outside the usual variation of 10 per 
cent. 

If these five experiments in which there was a 
considerable fall in “Q” are separated and com- 
pared with the remaining eight cases in which “Q” 
showed little change, it will be found that there is 
no great difference between the two groups in re- 
gard to the change in pulse rate and circulation 
time; also, the temporal relation between the de- 
terminations and the epinephrine injection was the 
same. In addition to the relationship illustrated 
in Figure 1, there is a great difference between this 
group of five cases and the remaining eight patients 
in regard to change in cardiac index and stroke vol- 
ume. Among these five cases in which “Q” fell, 
only one had a large increase in cardiac index; 
the average rise in cardiac index was only 8 per 
cent. Average stroke volume rise was equally in- 
significant (0.6 per cent). In the remaining eight 
cases, however, the average rise in cardiac index 
was over 50 per cent and in stroke volume, over 30 
per cent. The relationship of the changes of the 
cardiac index to the changes of the pulmonary 
blood volume index is graphically expressed in 
Figure 3. A positive correlation of stroke volume 
with pulmonary blood volume has been noted pre- 
viously under physiological conditions in man (3). 

In summary, five of 13 patients had a fall in “Q” 
following epinephrine administration, which was 
concomitant with the peak rise in pulmonary ar- 
tery pressure. Four of these five cases had negligi- 
ble changes in cardiac output, whereas most of the 
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CHANGES IN PULMONARY BLOOD VOLUME INDEX (CC) 

Fic. 3. RELATION BETWEEN CHANGES IN THE MEAN 
VALUES OF THE CARDIAC INDEX AND THE VOLUME OF 
BLooD WITHIN THE LuNG (“Q”), FOLLOWING EPINEPH- 
RINE ADMINISTRATION 

When the output has changed little, the pulmonary blood 
volume index tends to fall; when the output increases, the 
index of pulmonary blood volume tends to remain the 
same or increase. 


remaining eight cases had marked increases in 
cardiac output with relatively little change in “Q.” 


Pulmonary Vascular Resistance and Right Ven- 
tricular Work 


In five cases (Cases 1, 2, 4, 5, 9), the pressure 
gradient between pulmonary artery and pulmonary 
“capillary” was determined before and after epi- 
nephrine and pulmonary vascular resistance cal- 
culated. This figure rose 26, 19, and 27 per cent 
in three cases (Cases 4, 5, 9) and fell 40 and 26 
per cent in the other two cases (Cases 1,2). 

Looking at these cases individually, we see that 
all of the first mentioned patients had relatively 
mild disease and had little change in diastolic 
pressure after the drug. Calculated basal vascu- 
lar resistances were within Dexter’s normal range 
(8). The other two patients had severe lung dis- 
ease, had mild pulmonary hypertension at rest 
(the two highest of all the 13 patients), and defi- 
nitely had a rise in diastolic pressure after epineph- 
rine. One of the two also had the very low “Q” 
value of 470 cc. (the lowest in the entire series). 
The resulting values for pulmonary vascular resis- 
tance in these two were markedly elevated at rest 
when compared with the other three or with Dex- 
ter’s normal values. 

To summarize this information, the three pa- 
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tients with relatively normal pulmonary vascular 
beds showed evidence of an increase in pulmonary 
vascular resistance following epinephrine. In two 
patients with considerable evidence of chronic 
lung disease and probable pulmonary vascular dis- 
ease, there was a considerable fall in pulmonary 
vascular resistance. 

The work of the right ventricle against pressure 
increased sharply in every case, from 30 to 174 per 
cent, with an average of 99 per cent. This result 
was not surprising since in almost every instance 
there was a rise in both pulmonary artery pres- 
sure and in cardiac output. 


Left Ventricular Work, Systemic Arterial Pres- 
sure, and Peripheral Resistance 

Since we were almost constantly recording pres- 
sure in the pulmonary circuit with our single 
manometer, it was impossible to study the pres- 
sure responses in the femoral artery adequately. 
A special point, however, was made of taking such 
a recording immediately following the dye injec- 
tion so that peripheral resistance and left ventricu- 
lar work could be calculated. Otherwise, our in- 
formation was not adequate to draw conclusions 
about the systemic pressure response in these ex- 
periments. Such studies have been done (12), 
and our impression is that our cases would have 
shown nothing unexpected. In every case, the 
pulse contour suggested a decrease in peripheral 
resistance, and this was corroborated by calcula- 
tion. There was a slight rise of 5 to 15 mm. Hg in 
the systolic pressure in a few cases, and the mean 
pressure rose slightly in six patients. Diastolic 
pressure fell slightly or did not change. Mean 
pressures fell slightly in six cases. No recording 
was made in one. 

Left ventricular work rose in 10 of 12 cases 
where it could be calculated, but the average rise 
was only 25 per cent, about half the percentage 
rise of work in the right ventricle. In absolute 
terms, however, the changes in left ventricular 
work against pressure were considerably more 
than the changes occurring in the right ventricle. 


DISCUSSION 


Effect of Epinephrine on Pulmonary Blood 


Volume 
Using dye injection methods, Hamilton has dem- 
onstrated that large doses (.1 to .5 mg.) of epi- 





EFFECT OF EPINEPHRINE ON 
nephrine, injected intravenously into the intact 
dog under morphine anesthesia, result in a slowing 
of the pulse rate and circulation time, a fall in car- 
diac output, and an increase in the quantity of blood 
encompassed by the figure “Q” (13). This has 
been explained as the result of the inability of the 
left ventricle to increase its output against a sud- 
denly increased pressure; as a consequence, blood 
dams back into the pulmonary reservoir and in 
the right side of the heart and in the veins. 
Wearn and associates have, by direct observation 
in animals, noted the opening up of new capillaries| 
and engorgement of small pulmonary blood vessels 
after similar doses of epinephrine (14). It seems 
reasonable to believe that with these large doses in 
the dog, an increase in the volume of blood within 
the lung does occur. 

With small doses of epinephrine, however, the 
evidence is to the contrary. By direct observations, 
Hall found a rapid pulse and alveolar capillaries 
which became thinner and contained less blood 
(15). 

In the heart-lung preparation very small doses 
invariably increased heart rate and blood flow 
and decreased the pulmonary blood volume (16). 
Daly concluded that there was fairly good evi- 
dence from several sources that epinephrine caused 
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a decrease in size in the large extrapulmonary 
portions of the pulmonary vascular system (17). 

In a number of cases, we have demonstrated 
that the circulating pulmonary blood volume index 
probably drops precipitously for a short time after 
a small intramuscular dose of epinephrine. Since 
only about 60 cc. of blood are contained in the hu- 
man pulmonary capillaries (18) and, of course, a 
very small amount in the precapillaries, the drop 
in “Q” of several hundred cubic centimeters prob- 
ably cannot be explained on the basis of changes in 
the volume of these sections of the pulmonary vas- 
cular bed. Changes of this magnitude must reflect 
a decrease in the volume of the large pulmonary 
arteries and veins regardless of what is happening 
in the “arterioles” or “capillaries.” If an increase 
in pulmonary vascular resistance reflects a de- 
crease in size of the pulmonary “arterioles,” our 
observations on a few cases indicate the lack of re- 
lations between total pulmonary blood volume and 
size of the “arteriolar” bed in these cases. In Fig- 
ures 2 and 4, two cases are shown in which the 
vascular resistance definitely increased. In one, 
however, there was apparently a considerable de- 
crease in pulmonary blood volume index, but in the 
other there was no change. 

The question arises whether this change in “Q” 
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Fic. 4. HemMopYNAMIC CHANGES FOLLOWING EPINEPHRINE, AS OBSERVED IN CASE 5 


Symbols are the same as in Figure 3. 


In this case, “Q” did not change appreciably, 


although all other values represented did increase. 
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might be due partially to changes in the extra- 
pulmonary components that make up the total 
value. It is true that the size of the left heart 
might become smaller after epinephrine, but it 
seems unlikely that a normal heart would shrink 
enough to account for a drop of several hundred 
cubic centimeters. Little is known about the reac- 
tion of the living human aorta to epinephrine, but 
the evidence is that small doses probably dilate cer- 
tain large arteries such as the femoral (19). This 
would actually tend to increase the “Q” value. 

In his experiments with epinephrine, using dogs, 
Hamilton (13) found a prolonged dye dilution 
curve which indicated a low output and slow cir- 
culation. Using comparatively much smaller doses 
in the human, we have found dye curves of short 
duration which indicate increased outputs and 
rapid circulation. In Hamilton’s experiments, 
heart rates were slowed, but in otirs they were ac- 
celerated. Our epinephrine dye curves very 
closely resembled those in Hamilton’s-dogs follow- 
ing amyl nitrite. Apparently, circulatory dynamics 
in such experiments also closely approached those 
in ours. After amyl nitrite there was an increase 
in cardiac output, rapid circulation, accelerated 
heart rate, a fall in systemic peripheral resistance, 
and a decreased intrathoracic blood volume. 

There is ample evidence from many sources that 
in therapeutic doses in man, epinephrine is a gen- 
eral vasodilator drug. This is apparent from pulse 
contours, fall in peripheral resistance, and direct 
effect on large arteries (12, 20-22). There is a 
profound redistribution of blood flow, the best 
known examples of which are the blanching of the 
skin and the increased flow to skeletal muscle (19). 

It seems possible that the mechanisms whereby 
amyl nitrite and small amounts of epinephrine 
cause the heart to pump blood from the lesser into 
the greater circulation may be similar. In both 
cases the lung is giving up blood to widely dilated 
There is, nevertheless, one great 
difference in the action of the two drugs. Al- 
though their peripheral actions are similar, epi- 
nephrine has a stimulating effect on the myocar- 
dium that amyl nitrite lacks. McMichael and 
Sharpey-Schafer have shown that with very small 
doses this effect may be evident in an increased 
stroke volume without change in pulse rate or 
blood pressure (23). This implies a separation of 
the central and peripheral actions of the drug and 


vascular areas. 
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suggests why in our experiments the fall in pul- 
monary blood volume index is probably so incon- 
stant. When cardiac output increase is substantial, 
as in most of our cases, the dilated areas can be 
served without calling on the pulmonary circula- 
tion, but when the peripheral action of the drug is 
the more pronounced, there is relatively little 
change in output, and the pulmonary vascular cir- 
cuit is drained to supply the dilated peripheral ar- 
terial beds. This explanation fits in with the fact 
that in our experiments demonstrating a fall in 
pulmonary blood volume index, there was very 
little or no increase in cardiac output and in stroke 
volume, although a fall in peripheral resistance 
and circulation time, and an increase in pulse rate 
had taken place. In the other cases, however, 
there was a decided increase in stroke volume and 
minute output, and the pulmonary blood volume 
index did not change. 


Effect on the Pressures in the Pulmonary Circuit 


The most consistent effect of epinephrine on the 
lesser circulation has been a rise in pulmonary ar- 
tery pressure. The pressure in this system is con- 
tinually influenced by the output of the right ven- 
tricle, the effect of back pressure in the pulmonary 
veins, and peripheral resistance in the pulmonary 
(9). To elevate the pulmonary artery 
pressure in the normal human by increasing the 
When this is done by 
exercise, a minimum cardiac index of 5.5 to 6.0 
is necessary (8, 24). These values were not ap- 
proached in our cases. In addition, the largest 
increases in pulmonary artery pressure, which 
were accompanied by a fall in “OQ,” had the small- 
est increases in cardiac output. 


circuit 


cardiac output is difficult. 


Although an in- 
crease in blood flow might tend to increase the 
pressure, it is an insufficient reason to explain the 
rise in the present experiment. 

Hamilton’s experiments with dogs given large 


doses of epinephrine clearly indicated that the pul- 
monary artery pressure increases so recorded were 


simply a reflection of an increased pulmonary ve- 
nous pressure and that no change in the pressure 
gradient between the pulmonary artery and vein 


occurred (25). 


This does not seem to be an ade- 
quate explanation in the present experiments, be- 
cause in the cases in which it was measured, there 


was very little change in the pulmonary “capillary” 
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Fic. 5. SAMPLE TRACINGS FROM EXPERIMENT ON CASE 9 (Figure 3). 
At the left are pulmonary artery and pulmonary “capillary” tracings taken shortly before the 


injection of epinephrine. 


D was less than 15 seconds. 


. 


pressure, and consequently an increased gradient 


resulted. In the cases in which the pulmonary 
“capillary” pressure was not measured, there was 
relatively little change in the diastolic pressures af- 
ter epinephrine, and since a relation between pul- 
monary artery diastolic and pulmonary “capillary” 
pressure has been established (8), the pulmonary 
“capillary” pressure probably did not rise very 
much in this group either. The exceptions to the 
previous statement are the patients with wide- 
spread chronic lung disease. 

Hamilton has pointed out that changes in the 
pressure gradient across the pulmonary circuit are 
considerably more important than the actual level 
of pressure in the pulmonary artery in determin- 
ing whether peripheral resistance has changed or 
not (26). A sudden large increase in the cardiac 
output might conceivably widen the gradient, but 
cardiac output changes of the order of magnitude 
that we have found do not. The only explanation 
remaining, that there has been a decrease in the 
cross sectional areas of the terminal “arterioles,” 
is likely (27). Hall’s observations suggest the 
same conclusion (15). In three relatively normal 


Similar tracings 10 minutes after epinephrine are seen on the right. 
The dampened portions of the records are electrically integrated mean values. 
and base lines have been copied into the left corner of each record. 


Standardizations 
Time interval between C and 


cases (Figures 3 and 4), a moderate but definite 
increase in pulmonary vascular resistance has been 
demonstrated. Pressure records of one of these 
are seen in Figure 5. In the two cases with chronic 
lung disease and resting pulmonary hypertension, 
an entirely different result occurred. The ele- 
vated figures for pulmonary vascular resistance at 
rest fell considerably after epinephrine. This 
would be more difficult to understand were we to 
believe that the high pulmonary artery pressures 
and resistance were due to irreversible organic nar- 
rowing of the terminal “arterioles” and precapil- 
laries. Cournand and his coworkers have recently 
shown quite definitely that the pulmonary hyper- 
tension of chronic lung disease is reversible to a 
large extent (28). This suggests that the high re- 
sistances in these cases might well have been due 
in part to vasoconstriction. In addition, Hickam 
(29) and Dexter and associates (8) have given 
evidence that the pulmonary hypertension of left 
ventricular failure may be partially due to an in- 
creased peripheral resistance within the circuit. 
The different response to epinephrine in normals 
and in two patients with mild pulmonary hyper- 
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tension suggests the possibility that the action of 
epinephrine upon the small arborizations of the 
pulmonary artery is dependent upon their state of 
contraction at the time the drug is given. 

Finally, what is the mechanism by which epi- 
nephrine acts upon the small end branches of the 
pulmonary artery? We have failed to produce 
convincing evidence that it acts directly upon the 
blood vessels of the lung while on its first circula- 
tion in fairly high concentration. Our intravenous 
experiments are admittedly crude, however, and 
dosage small. The evidence for reflex vasomotor 
control of the human pulmonary circulation is “by 
and large” non-convincing (9), and we can add 
nothing to this argument. With the methods now 
available, such evidence should be forthcoming. 


SUMMARY 


1. Epinephrine, uncontaminated by nor-epineph- 
rine, in intramuscular doses of from 0.5 to 0.7 cc. 
of a 1: 1000 solution causes the following events 
to occur in the pulmonary circulation: 


a. A decrease in the intrapulmonary Circulation 
time. 

b. A decrease in pulmonary blood volume index 
under certain circumstances when its action is 
suggestively that of a peripheral vasodilator and 
central effect is minimal. 

c. A rise in the systolic and mean pulmonary ar- 
tery pressures. The diastolic pressures are usually 
increased very little. Pulmonary “capillary” pres- 
sures are usually slightly elevated also, but the de- 
gree and duration is not sufficient to account for 
the rise in pulmonary artery pressure. The mod- 
erate increases in cardiac output are also insufficient 
to account for the rise. 


2. In three cases, it was evident that an increase 
in pulmonary vascular resistance was the primary 
cause for this epinephrine-induced pulmonary hy- 
pertension. 

3. In two patients with severe chronic lung dis- 
ease, a greater increase in diastolic pressure oc- 
curred, and pulmonary vascular resistance was 
found to fall after epinephrine. 

4. By the method used, it could not be demon- 
strated that the effects were due to a direct action 
of the drug on the pulmonary vascular tree, and 
the mechanism of this phenomenon remains ob- 
scure. 


5. The work of the right ventricle against pres- 
sure increases proportionately much more than that 
of the left ventricle. 


ACKNOWLEDGMENTS 


The authors wish to express their appreciation to Mrs. 
Barbara Wall, Mrs. Juanita Lewis, and Miss Beth Park 
for technical assistance, to Dr. William F. Hamilton, Dr. 
James V. Warren, and Dr. Walter H. Cargill for their 
suggestions and criticisms, and to Dr. Philip K. Bondy 
for his assistance in the statistical analyses. 


REFERENCES 


. Hellems, H. K., Haynes, F. W., and Dexter, L., The 
pulmonary “capillary” pressure in man. J. Ap- 
plied Physiol., 1949, 2, 24. 

. Kinsman, J. M., Moore, J. W., and Hamilton, W. F., 
Studies on the circulation. I. The injection method; 
physical and mathematical considerations. Am. J. 
Physiol., 1929, 89, 322. 

. Hamilton, W. F., Moore, J. W., Kinsman, J. M., and 
Spurling, R. G., Studies on the circulation. IV. 
Further analysis of the injection method and of 
changes in hemodynamics under physiological and 
pathological conditions. Am. J. Physiol., 1932, 99, 
534. 

. Dow, P., and Pickering, R. W., Behavior of dog se- 
rum dyed with brilliant vital red or Evans Blue 
toward precipitation with ethanol. Am. J. Physiol., 
1950, 161, 212. 

. Hamilton, W. F., Riley, R. L., Attyah, A. M., Cour- 
nand, A., Fowell, D. M., Himmelstein, A., Noble, 
R. P., Remington, J. W., Richards, D. W., Jr., 
Wheeler, N. C., and Witham, A. C., Comparison of 
the Fick and dye injection methods of measuring 
the cardiac output in man. Am. J. Physiol., 1948, 
153, 309. 

5. Ebert, R. V., Borden, C. W., Wells, H. S., and Wil- 
son, R. H., Studies of the pulmonary circulation. 
I. The circulation time from the pulmonary artery 
to the femoral artery and the quantity of blood in 
the lungs in normal individuals. J. Clin. Invest., 
1949, 28, 1134. 

. Witham, A. C., and Fleming, J. W., Unpublished re- 
sults. 

. Dexter, L., Dow, J. W., Haynes, F. W., Whitten- 
berger, J. L., Ferris, B. G., Goodale, W. T., and 
Hellems, H. K., Studies of the pulmonary circula- 
tion in man at rest. Normal variation and the in- 
terrelations between increased pulmonary blood flow, 
elevated pulmonary arterial pressure, and high pul- 
monary “capillary” pressures. J. Clin. Invest., 
1950, 29, 602. 

9. Cournand, A., Recent observations on the dynamics 
of the pulmonary circulation. Bull. New York 
Acad. Med., 1947, 23, 27. 

10. Doyle, J. T., Wilson, J. S., and Warren, J. V., Per- 
sonal communication. 





EFFECT OF EPINEPHRINE ON PULMONARY CIRCULATION IN MAN 


. Cournand, A., Riley, R. L., Breed, E. S., Baldwin, E. 
deF., and Richards, D. W., Jr., Measurement of 
cardiac output using the technique of catheterization 
of the right auricle or ventricle. J. Clin. Invest., 
1945, 24, 106. 

. Goldenberg, M., Pines, K. L., Baldwin, E. deF., 
Green, D. G., and Roh, C. E., The hemodynamic 
response of man to nor-epinephrine and epinephrine 
and its relation to the problem of hypertension. 
Am. J. Med., 1948, 5, 792. 

. Hamilton, W. F., Some mechanisms involved in regu- 
lation of the circulation. Am. J. Physiol., 1932, 102, 
551. 

. Wearn, J. T., Ernstene, A. C., and Bromer, A. W., 
The behavior of pulmonary vessels as determined 
by direct observation in the intact chest. Am. J. 
Physiol., 1928, 85, 410. 

. Hall, H. L., A study of the pulmonary circulation by 
the transillumination method. Am. J. Physiol., 
1925, 72, 446. 

9. Drinker, C. K., Churchill, E. D., and Ferry, R. M., 
The volume of blood in the heart and lungs. Am. 
J. Physiol., 1926, 77, 590. 

. Daly, I. deB., Reactions of the pulmonary and bron- 
chial blood vessels. Physiol. Rev., 1933, 13, 149. 

. Roughton, F. J. W., Kinetics of reaction CO + Os, 
Hb = O.+ COHb in human blood at body tem- 
perature. Am. J. Physiol., 1945, 143, 609. 

. Allen, W. J., Barcroft, H., and Edholm, O. G., On 
the action of adrenaline on the blood vessels in 
human skeletal muscle. J. Physiol., 1946, 105, 255. 
. Lyon, D. M., The reaction to adrenalin in man. 
Quart. J. Med., 1923, 17, 19. 


. Clark, G. A., Vasodilator action of adrenaline. J. 


Physiol., 1934, 80, 429. 


. Ranges, H. A., and Bradley, S. E., Systemic and re- 


nal circulatory changes following administration of 
adrenin, ephedrine, and paredrinol to normal man. 
J. Clin. Invest., 1943, 22, 687. 


. McMichael, J., and Sharpey-Schafer, E. P., Cardiac 


output in man by the direct Fick method; effects 
of posture, venous pressure change, atropine, and 
adrenaline. Brit. Heart J., 1944, 6, 33. 


. Hickam, J. B., and Cargill, W. H., Effect of exercise 


on cardiac output and pulmonary arterial pressure 
in normal persons and patients with cardiovascular 
disease and pulmonary emphysema. J. Clin. In- 
vest., 1948, 27, 10. 


5. Hamilton, W. F., Woodbury, R. A., and Vogt, E., 


Differential pressures in the lesser circulation of 
the unanesthetized dog. Am. J. Physiol., 1939, 


125, 130. 


. Hamilton, W. F., Pressure relations in the pulmonary 


circuit. Proc. Am. A. Advancement Sc., 1940, 13, 
324. 


. Logaras, G., Further studies of pulmonary arterial 


blood pressure. Acta physiol. Scandinav., 1947, 14, 
120. 


. Ferrer, M. I., Harvey, R. M., Cathcart, R. T., Web- 


ster, C. A., Richards, D. W., Jr., and Cournand, A., 
Some effects of digoxin upon the heart and circu- 
lation in man. Circulation, 1950, 1, 161. 


. Hickam, J. B., Atrial septal defect. A study of in- 


tracardiac shunts, ventricular outputs, and pul- 
monary pressure gradient. Am. Heart J., 1949, 38, 
801. 





ELECTROPHORETIC STUDIES IN LIVER DISEASE. 


I. COMPARI- 


SON OF SERUM AND PLASMA ELECTROPHORETIC PATTERNS 
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OGEN AND GAMMA GLOBULIN PATTERNS ?:? 
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The development of electrophoresis has per- 
mitted the study of body-fluid protein changes in 
health and disease. 
retic analysis in hepatic diseases are based upon 
findings in serum rather than plasma. The chief 
reasons for the preference of serum over plasma 
are: (a) it avoids the use of anticoagulants such 
as heparin which may affect the electrophoretic 
pattern (1), (b) it permits comparison of electro- 
phoretic data with the usual flocculation tests per- 
formed on serum, (c) it avoids the, difficulty of 
differentiating protein complexes having a mobility 
similar to that of fibrinogen and forming with it 
a single peak which is incapable of resolution into 
its constituent components (2). 


Most reports on electropho- 


In a recent study of electrophoretic plasma pro- 


tein partition of patients with hepatic diseases, es- 
pecially those with cirrhosis, unexpected fibrinogen 
The 


and gamma globulin values were noted. 
“fibrinogen” peaks were markedly elevated and 
the gamma globulin elevations were not as high as 
expected from previous serum electrophoresis and 
chemical partition. To clear up these discrepancies, 
electrophoretic tracings on a series of simultane- 
ously collected serum and plasma specimens of 
normal persons and patients with various hepato- 
biliary and other diseases were compared with 
each other as well as with chemical partition of 


1 A preliminary report of this investigation was included 
in the Proceedings of the Twenty-Second Annual Meeting 
of the Central Society for Clinical Research (Proc. Cent. 
Soc. Clin. Res., 1949, 22, 28). 

2 This investigation was supported in part by grants from 
the Commission on Liver Disease, Army Epidemiological 
Board, Office of U. S. Army, 
Washington, D. C., and from the Dr. Jerome D. Solomon 
Memorial Research Foundation, Chicago, Illinois. 

3 Solomon Fellow. 


the Surgeon General, 


accepted April 23, 1951) 
blood proteins. This study was planned to give 
general information on possible differences in the 
electrophoretic pattern of serum and plasma of 
normal persons as well as patients with hepatic 
and other diseases. 


MATERIALS AND METHODS 
Clinical Material 


The subjects for the study came from three groups: 
(1) a group with liver disease made up of 23 cirrhotics 
(22 of the Laennec type and one post-necrotic), six cases 
of infectious and six of toxic hepatitis (two arsenic, one 
post-pneumonic and three of unknown etiology whose 
clinical and biopsy pictures resembled toxic hepatitis of 
known toxic etiology) and three cases of extrahepatic 
obstruction (twe pancreatic neoplasms and one case of 
common duct lithiasis) ; (2) a miscellaneous group of 15 
cases of rheumatoid arthritis, two of gastric ulcer and 
one of multiple myeloma; and (3) a normal group com- 
posed of 10 doctors and technicians working in the 
laboratory. 

Hepatic tests were performed upon all subjects. In 
addition all but five of the patients with hepatic disease 
had needle or surgical biopsies performed for confirma- 
tion of the diagnoses. All diagnoses were made by clini- 
cal, laboratory or surgical means. 


Method 


Approximately 50 ml. of blood were drawn from every 
subject in the fasting state. Ten ml. were placed in a 
dry clean test tube and allowed to clot, after which the 
serum was separated by centrifugation. Another 10 ml. 
were placed in a test tube containing 30 mg. of potassium 
oxalate as the anticoagulant and centrifuged for separa- 
tion of plasma. The remainder was utilized for chemical 
determination of the total serum proteins, fibrinogen (in 
27 cases), or protein partition, and other hepatic func- 
tion tests. 

Electrophoretic analysis of the pairs of serum and 
plasma was performed in a Tiselius apparatus at pH 8.6 
in sodium diethyl barbiturate and ionic strength of 0.1 
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with barbiturate buffer according to the Longsworth 
procedure (3). All runs were made at 1.5° C. for 120 
minutes. Schlieren diagrams, photographically enlarged, 
were traced with a planimeter according to the method of 
Pedersen and Svedberg (4), to obtain the percentage 
of the total area assigned to each protein fraction. Mo- 
bility measurements were made from the boundary 
anomaly of the pattern. Only descending patterns were 
used. The relative concentrations, calculated from the 
proportions of the component peaks of the patterns, were 
converted to absolute concentrations expressed in grams/ 
100 ml. of the total serum protein which had been de- 
termined chemically. Total serum proteins were de- 
termined by the Weichselbaum modification of the biuret 
reaction (5). The nitrogen to protein conversion factor 
used was 6.25. In 27 instances fibrinogen was determined 
chemically by standard laboratory methods of calcium 
salt precipitation and nitrogen determination (6). 

Total plasma proteins were not determined chemically. 
The normal values for serum are practically identical with 
those of plasma despite a fibrinogen content of 200-400 
mg./100 ml. in the latter (7,8). The addition of an anti- 
coagulant increases the plasma salt concentration and 
causes diffusion of water out of the erythrocytes. The 
presence of fibrinogen in plasma is thus nullified by the 
increased dilution of the plasma (9). When comparing 
absolute plasma and serum findings it is desirable to re- 
duce this source of error. A formula was utilized to cal- 
culate the total plasma proteins from the absolute se- 
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rum protein values and the relative percentages of the 
serum and plasma electrophoretic components. The for- 
mula and its derivation are as follows: 


= total plasma protein in grams/100 ml. 
total serum protein in grams/100 ml. 
plasma fibrinogen content in grams/100 ml. 
N-X 
grams of y’ component found in serum 
_ % y' component in serum (electrophoretic) 
aK 100 
= fraction of y’ found in serum 





od (electrophoretic) on Meawiaa 
plasma. 

=fN-y’ 

= N —(f{N — y’). 
S—- 7’ 

= 5a. 


gS 
. 


of ¢ found in 


RESULTS 


The detailed analyses of our electrophoretic 
findings in the various liver diseases and their cor- 
relation with the clinical, chemical and biopsy 
findings are being reported elsewhere. This report 
is concerned primarily with the difference between 
serum and plasma in different liver diseases. 
These are apparent in Figure 1 which depicts the 
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typical serum and plasma electrophoretic patterns 
in normal and cirrhotic subjects. The usual find- 
ings of decreased albumin and increased gamma 
globulin (10-15) are seen in the cirrhotic pattern 
and the only differences between the serum and 
plasma patterns are in the gamma globulin and 
fibrinogen fractions. The normal patterns show 
similar serum-plasma differences except they are 
smaller. These serum-plasma differences in the 
globulin and fibrinogen components will be de- 
scribed and discussed later. The descending pat- 
terns are used. In addition to the presence of the 
usual peaks denoting the albumin, alpha,, alpha,, 
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beta, gamma, fibrinogen, and epsilon boundary 
anomaly, the gamma globulin component is com- 
posed of a fraction labelled gamma,, and a gamma, 
fraction of greater mobility. The gamma, portion 
of the plasma gamma globulin is buried in the 
“fibrinogen” peak so that the plasma gamma globu- 
lin peak corresponds to the gamma, component of 
the serum. We have adopted the nomenclature of 
Deutsch (2) in describing the globulin components. 

The mean distributions, absolute 
concentrations and mobilities of the protein com- 
ponents as determined electrophoretically in serum 
and plasma are summarized in Tables I and II. 


percentage 


TABLE I 


Electrophoretic analyses of serum and plasma in normal individuals and in patients with liver and miscellaneous diseases 
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TABLE II 


Comparison of electrophoretic mobilities of protein components in serum and plasma 
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RELATION OF ELECTROPHORETIC SERUM AND PLasMA ALBUMINS, ALPHA GLOBULINS, Beta GLos- 


ULINS AND ALBUMIN-GLOBULIN RATIOS 


The decrease in the albumin component when com- 
pared to the values in the normal group was most 
marked in the cirrhotics, less in the other liver dis- 
eases, and least in the miscellaneous group. The 
cases of rheumatoid arthritis which formed most 
of the miscellaneous group are responsible for the 
albumin and globulin changes in this group and 
are similar to those found in liver disease though 
smaller. They are in agreement with those re- 
ported by others (16-18). All groups showed 
slightly higher serum than plasma values but these 
differences, both in percentage and absolute con- 
centrations, were not significant. The correlation 
between serum and plasma albumin is good (Fig- 


ure 2a) and the observed scatter is due largely to 
the inherent error in the electrophoretie procedure. 

There was a tendency to slight increase of the 
alpha globulins in all the pathologic cases and most 
marked in obstructive jaundice (Table I) where 
the frequent association of lipids with alpha (as 
well as beta globulin) may account for this ele- 
vation. Elevated values of lipid were present in the 
three cases of obstructive jaundice. The alpha 
globulins were the only protein components in 
which the plasma values were greater than were the 
serum values, both relatively and absolutely. This 
was found to be true in all groups except the nor- 
mal and cirrhotic groups. However, these differ- 
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ences between alpha globulins in serum and plasma 
were not significant. Figure 2b reveals that the 
spread on either side of the theoretical line of per- 
fect correlation is greater than that of any of the 
other components. This was particularly true of 
the alpha, fraction. 

Beta globulins (Table I) were increased in liver 
diseases as others have found (13-15). The rela- 
tive percentage values in serum and plasma vary 
significantly but after they are converted to ab- 
solute values the variation loses its significance and 
does not exceed the limits of error of the method. 
Figure 2c reveals a good correlation between abso- 
lute values of beta globulin in serum and plasma. 

The characteristically elevated gamma globulin in 
liver disease and rheumatoid arthritis is well il- 
lustrated in Tables I and ITI. 
most marked in cirrhosis, less so in hepatitis and 
least in obstructive jaundice and miscellaneous 
group. These findings are in agreement with those 
of previous authors (10-19). The normal serum 
gamma globulin values (average 14.1%) in this 
study are slightly higher than those reported by 
others (9, 20) because of our inclusion of the 
gamma, fractions of the total gamma values. This 
gamma, component normally forms approximately 
2-3% of the total protein (2) and is often not in- 
cluded in the electrophoretically determined gamma 
globulin. The serum gamma globulins of all groups 
of cases studied including the normals were much 
higher than the plasma values (Tables I and III). 


This increase was 
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Figure 1 reveals the cause of this significant dis- 
crepancy between serum and plasma gamma glob- 
ulin values. The serum gamma globulin is com- 
posed of two fractions of different mobilities, a 
fraction labelled gamma, and a fraction with a 
greater mobility labelled gamma,. This latter frac- 
tion has a mobility similar to fibrinogen and is there- 
fore buried in the “fibrinogen” peak in the plasma 
pattern (Figure 1). Thus the apparent plasma 
gamma is the equivalent of the gamma, serum frac- 
tion (Tables I, III, Figures 1, 3). If the serum 
gamma, is determined in grams/100 ml. and this 
absolute value is then added to the absolute plasma 
gamma globulin value, the resultant corrected 
plasma gamma globulin value approaches the serum 
value. The difference between the serum gamma 
globulin and the corrected plasma gamma globulin 
then falls within the inherent error of the electro- 
phoretic method (Tables I, III, Figures 3,4). In 
cirrhosis this gamma, fraction is increased almost 
threefold from an average value of 2.5% in the 
normal group to 7.1%. There is a moderate in- 
crease in gamma, in the three obstructive jaundice 
cases. Only a slight increase in this component 
was present in the hepatitis cases and normal values 
were obtained in the miscellaneous group despite 
somewhat increased total gamma globulins in this 
latter group. After correction, the plasma total 
gamma globulin values were still lower than the 
serum values although the differences were much 
less than before correction. Prior to correction of 
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Comparison of electrophoretic serum and plasma gamma globulins 
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the plasma gamma globulin, particularly in the 
pathologic cases, the chemical gamma _ globulin 
values more closely resembled the serum electro- 
phoretic results. After correction there was es- 
sentially no difference between the relation of the 
serum and plasma electrophoretic gamma globu- 
lin results and the chemical gamma globulin. 

An analysis of fibrinogen data (Tables I, IV) 
reveals greatly elevated values in cirrhosis (average 
13.9%, with a range between 6.07% and 28%). 
The obstructive jaundice cases also had elevated 
fibrinogen values and the other groups revealed 
smaller increases in this component. Figure 1 in- 
dicates the reason for these abnormal elevations in 
fibrinogen, particularly in cirrhosis where the 
plasma pattern contains a markedly elevated 
“fibrinogen” peak. In both the cirrhotic and nor- 
mal electrophoretic patterns there is incomplete 
disappearance of the “fibrinogen” peaks in the cor- 


responding serum patterns. In the normal pat- 
tern, a small plateau-shaped component is still 
present between the gamma and beta globulin com- 
plexes. In the cirrhotic pattern this remaining 
component is of much greater magnitude and ac- 
counts for almost 50% of the area underneath the 
plasma “fibrinogen” peak. This component, lying 
between the gamma and beta peak, is the gamma, 
globulin fraction of the serum and has electro- 
phoretic mobility similar to fibrinogen. Inclusion 
of this gamma, fraction in the “fibrinogen peak” 
thus accounts for most of the marked fibrinogen 
elevations in the cirrhotics as well as the lesser 
elevations of this component in the other patho- 
logic plasma specimens. The electrophoretic fibrin- 
ogen values can be corrected by subtracting from 
the originally elevated values, the absolute gamma, 
value as determined in the corresponding serum 
samples. The corrected values are much lower 
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chemically determined fibrinogen 
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than the original ones. The corrected absolute There is a good correlation between the albumin- 
values approach the chemical values; in the normal globulin ratio as determined electrophoretically in 
group the electrophoretic results are still somewhat the serum and plasma especially after the plasma 
higher than those secured by the chemical method _ total globulin has been corrected by the addition of 
(Tables I, IV, Figure 5). gamma, globulin (Table I, Figure 2d). 
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In comparing the serum-plasma electrophoretic 
patterns, an unexpected finding was the fact that 
the greatest variations in the protein components 
were in the normals and this was true of all com- 
ponents. 


DISCUSSION 


Electrophoretic analysis has been employed 
widely in recent years to study blood protein 
changes in liver disease (10-15, 19, 21). Usually 
this has been performed upon serum for the rea- 
sons previously mentioned. Dole (9) reported 
significant differences between serum and plasma 
protein electrophoretic values in a normal person 


primarily in the gamma and beta globulin fractions. | 
Only the relative concentrations expressed in per 


cent of total protein were compared. Comparison 
of serum and plasma electrophoretic results are 
more meaningful if absolute rather than percentage 
values are compared. The percentage values are 
not strictly comparable, being fractions of total pro- 
teins which are dissimilar because of fibrinogen 
content in plasma. Chemical determinations may 
reveal similar values for total serum and plasma 
proteins because of dehydration of erythrocytes 
with consequent dilution of the plasma because of 
the anticoagulant (7,8). Were it not for this di- 
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lution one would expect the fractions of total pro- 
teins to be about 4-5% greater in serum than in 
plasma with its fibrinogen (9). For a proper 
evaluation of any possible differences between 
serum and plasma electrophoretic values, the com- 
parison should be made between absolute values 
determined from total serum and plasma proteins 
corrected for anticoagulant dilution of the plasma. 
Heparin alters the electrophoretic pattern (1). 
Theoretically, potassium oxalate might possibly 
cause changes due to chemical denaturation of the 
protein. However, in previous studies (22) we 
found no appreciable changes using standard 
amounts of potassium oxalate as an anticoagulant. 

The albumin changes in liver disease and rheu- 
matoid arthritis (Table I) were similar to those 
reported by others (10-19). 

Reports in the literature differ as to the fate of 
alpha globulins in liver disease, some workers re- 
porting irregular increases (13, 14) while others 
found no change (15, 21). Gutman (23) believes 
that there is an association between increased alpha 
globulin and decreased gamma globulin values. 
In this study the alpha globulins showed a slight 
increase in ail the pathologic cases, the greatest 
increase being in obstructive jaundice. The ele- 
vated lipids on our cases of obstructive jaundice 
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may account for this increase in alpha globulin. 
Lipids frequently may be associated with alpha as 
well as beta globulins (23). Dole (9) has sug- 
gested that the lower alpha values in serum as 
compared with plasma may be due to removal of 
this component in the clot. While the total serum 
alpha globulins in this study were less than that 
of plasma, it was not significantly so. However, 
as Table I reveals, serum alpha, globulin was lower 
than the corresponding plasma values while the 
reverse was true for the alpha, fraction. The 
greater spread on either side of the theoretical line 
of perfect correlation in this component (Figure 
2b) also indicates a greater variation in this com- 
ponent than in any other protein fraction. The in- 
creased beta globulins in the liver diseases groups 
are in agreement with the findings of others (13- 
15, 24). There appears to be a significant varia- 
tion in the relative percentage values of serum and 
plasma beta globulins. However, if these per- 
centage values are converted to absolute values in 
grams/100 ml. that variation loses its significance 
and falls within the inherent limits of error of the 
method. The serum-plasma absolute values cor- 
relate well (Figure 2c). Dole (9), in comparing 
the serum and plasma of a normal individual, simi- 
larly found the beta serum value elevated and be- 
lieved this to be due to overlapping of the beta 
globulin and “fibrinogen” peaks. However, he did 
not compare absolute values. When this was done 
in our cases it tended to nullify the serum and 
plasma differences. 

The serum gamma globulin findings in the dis- 
ease groups are in agreement with those recorded 
by previous authors (10-19, 21, 24). The sig- 
nificant difference the serum-plasma 
gamma globulin values (Tables I and IIT), particu- 
larly in cirrhosis, is due to burial of the gamma, 
fractions in the “fibrinogen” peak of the plasma 
pattern. The greater the gamma, fraction the 
greater will be the serum-plasma difference in 
total gamma values. Electrophoresis, particularly 
in the pathologic cases, yields plasma gamma glob- 
ulin values 15-20% lower than serum values. 
It is important, therefore, to determine whether 
gamma, globulin is increased in other diseases, 
lest misleading gamma globulin values be secured 
in plasma determinations in these diseases. The 
true picture of gamma globulin changes is found 
in serum determinations. The nature of gamma, 


between 
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globulin and the possible significance of its eleva- 
tion in liver disease are discussed elsewhere (25). 

An analysis of the reported observations on the 
plasma fibrinogen content in liver disease reveals a 
diversity of opinion (8, 11, 15, 21). The liver is 
probably the prime site of fibrinogen formation 
(26), and diminution of this protein has been re- 
ported in acute hepatic insufficiency such as in the 
damage experimentally produced by chloroform 
and other toxins (27). Diminished fibrinogen may 
also be found in humans in the severe hepatic in- 
sufficiency of acute yellow atrophy (8). Elevated 
fibrinogen values have been reported in cirrhosis 
(11, 21). Whitman and his co-workers (11) 
consider the possibility that the elevated “fibrin- 
ogen” peak in cirrhosis is due to an increase in 
gamma globulin as well as to an actual fibrinogen 
increase. Our data show this to be correct. The 
markedly elevated “fibrinogen” peaks often found 
in the cirrhotic electrophoretic pattern occur be- 
cause the gamma, component has a similar mo- 
bility to that of fibrinogen and is concealed in the 
“fibrinogen” peak. Similarly, Zeldis and Alling 
(28) had noted spurious elevations in fibrinogen 
values in plasma from dogs and had attributed this 
to increments from adjacent components. Even 
after correction of the fibrinogen values by sub- 
tracting the amount contributed by the gamma, 
complex to the “fibrinogen” peak, the electro- 
phoretic values for that component were still ele- 
vated above those determined chemically in the 
cirrhotic patients (Tables I, IV, Figure 5). 
Fibrinogen is the plasma protein which forms fibrin 
under the action of thrombin. Fibrinogen analy- 
sis by chemical means may give erroneously low 
values because of incomplete precipitation of fibrin 
or false high values due to occlusion of other 
plasma components to the clot (29a). The ef- 
fect of variation of fibrinogen and thrombin con- 
centrations and pH and of the presence of other 
proteins must be taken into consideration in the 
chemical determination of fibrinogen. The oc- 
clusion of other protein components, particularly 
lipoproteins and certain enzymes such as thrombin, 
is sufficient to introduce error into fibrinogen 
chemical analysis (29b). Fibrinogen is also more 
sensitive to thermal and chemical changes than are 
proteins (30). The question then arises as to 
whether the more reproducible method of electro- 
phosesis, particularly after subtraction of gamma, 
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globulin, is not a more accurate method of fibrin- 
ogen analysis than is the chemical method. 
Against such a supposition is the possibility of 
other protein moieties besides gamma, globulin 
having a similar mobility as fibrinogen. It is also 
questionable labeling an electrophoretic “fibrin- 
ogen” peak as fibrinogen in the sense of protein 
clottable with thrombin. Nevertheless, we believe 
that the difference between the electrophoretic and 
chemically determined fibrinogen indicates an ac- 
tual increase of this component in cirrhotic liver 
disease. 

The plasma electrophoretic pattern as such ap- 
pears on inspection to be more characteristic of 
chronic liver disease than the serum electrophoretic 
pattern. In addition to the characteristically de- 
pressed albumin and elevated gamma globulin 
peaks seen in the cirrhotic serum pattern, there is 
also the markedly elevated “fibrinogen” peak pres- 
ent in the plasma electrophoretic pattern. We 
have not seen this triad of findings to such a marked 
degree in the electrophoretic pattern of any other 
pathologic condition. However, serum rather than 
plasma is preferable where it is desired to study 


the electrophoretic quantitative partition of the 


protein complexes in chronic liver disease. The 
elevation of gamma, globulin and its inclusion in 
the “fibrinogen” peak in the plasma pattern give 
a false impression of extreme fibrinogen elevation 
and at the same time cause the gamma globulin 
elevations to be lower than those found in serum. 
A more correct picture of the fibrinogen alterations 
in chronic liver disease requires simultaneous 
electrophoretic analyses on serum and plasma and 
correction for the increased gamma, globulin fre- 
quently associated with that pathologic state. 

It is fully realized that the electrophoretic pat- 
tern, particularly in cirrhosis, may vary depending 
upon the stage and course of the disease. Our 
cases of cirrhosis varied from those in the inactive 
stage to those with marked liver damage. We 
were primarily interested not in the type of pat- 
tern in the different liver diseases nor in the 
changes taking place during the course of the dis- 
ease, but in the comparison of the patterns in the 
serum and plasma determinations. Stage and 
course of disease had no effect upon these serum- 
plasma differences. In fact, the only significant 
differences were those in the gamma globulin and 
these did not depend upon the stage of disease but 
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the type of disease. The gamma, globulin rela- 
tion to hepatic damage as measured by the cephalin 
flocculation, thymol turbidity and zinc sulphate 
turbidity tests is shown in Figure 4 of the following 
article (25). 


SUMMARY 


1. Paired serum and plasma samples of 66 per- 
sons with various hepatic or miscellaneous diseases 
and normal subjects were analyzed electropho- 
retically. The liver disease group included cases 
of cirrhosis, infectious and toxic hepatitis, and ob- 
structive jaundice. The disease 
group was comprised of patients with rheumatoid 
arthritis, peptic ulcer, and multiple myeloma. 

2. Serum protein changes in the various disease 
groups were similar to those previously reported 
by other authors. 

3. Fibrinogen values were markedly elevated 
particularly in the cirrhotic group. This was due 
to the inclusion of a gamma, globulin fraction in 
the “fibrinogen” peak. 
for the serum gamma globulin being significantly 
greater than the plasma gamma globulin. The ad- 
dition of gamma,, as determined in the serum, to 
the total plasma gamma globulin yielded total 
gamma globulin values essentially similar to those 
of the serum. At the same time subtraction of 
gamma, from the elevated fibrinogen values, as 
revealed by the plasma patterns, reduced these 
values approximately by 35-45%. After this cor- 
rection, there was still a significant difference be- 
tween electrophoretic and chemically determined 
fibrinogen, indicating an actual increase of this 
component in cirrhotic liver disease. The gamma, 
burial in the “fibrinogen” peak was also responsible 
for the depressed values of total globulin and al- 
bumin/globulin ratio in plasma determinations. 
These likewise could be corrected for by addition of 
gamma, to the plasma globulin. 

4. Aside from the significant serum-plasma dif- 
ference in gamma globulin, the other protein com- 
ponents were essentially similar in serum and 
plasma, particularly when expressed as grams/100 
ml. The beta globulin content in relative per- 
centage was somewhat more elevated in serum 
than plasma. After conversion to absolute values 
however, this difference was not significant. 

5. The routine use of plasma electrophoresis 
for the study of protein alterations in hepatic dis- 


miscellaneous 


This was also responsible 
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eases is not recommended. It is impossible to re- 
solve and separate completely the components of 
the “fibrinogen” peak. Inaccurate gamma globu- 


lin and fibrinogen values result. 
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The electrophoretic method of analysis has 
proved to be a most valuable aid in the study of pro- 
tein alteration in hepatic diseases. 


Characteristic 


changes consisting of reduced albumin and in- 


creased gamma globulin components have been re- 
ported by many observers (1-3). 
albumin levels frequently observed in cirrhosis 
have been attributed to several factors, such as de- 
fective synthesis by the liver, inadequate dietary 
protein and the loss of albumin in ascitic fluid. 
There has been much speculation concerning the 


The depressed 


nature and cause of the globulin elevation as well 
as the fibrinogen changes in hepatic cirrhosis. At 
present the problem is still unsolved. Several ob- 
servers have reported elevated electrophoretic 
fibrinogen values in cirrhosis (3, 4). One author 
(5) attributed some of this elevation to the migra- 
tion of a gamma, globulin fraction in the mobility 
range of the “fibrinogen” peak. 
co-workers (6) have described such a gamma, 
globulin component with a mobility similar to 
fibrinogen in normal serum. 
of the total proteins. There are reports (7-9), 
of single cases of cirrhosis with a component 


Deutsch and his 


It constituted 2-3% 


in the electrophoretic pattern between the gamma 
and beta peaks which has been called the “X” com- 
ponent. 

In a recent study (10) of paired serum and 
plasma from 66 persons having hepatic or miscel- 
laneous diseases, and normal subjects, frequently 


1A preliminary report of this investigation was included 
in the Proceedings of the Twenty-Second Annual Meeting 
of the Central Society for Clinical Research (Proc. Cent. 
Soc. Clin. Res., 1949, 22, 28). 

2 This investigation was supported in part by grants 
from the Commission on Liver Disease, Army Epidemio- 
logical Board, Office of the Surgeon General, U. S. Army, 
Washington, D. C. and from the Dr. Jerome D. Solomon 
Memorial Research Foundation, Chicago, Illinois. 

3 Solomon Fellow. 


great elevations of the “fibrinogen” peak were pres- 
ent in the plasma electrophoretic pattern. The se- 
rum patterns from the same persons did not show 
complete elimination of the “fibrinogen” peak but 
there was a component with a mobility between 
that of gamma and beta globulin. This component 
was included in the “fibrinogen” peak and ac- 
counted for a large portion of the elevation. It was 
present in normal sera, very high in cirrhotic sera, 
and there were smaller elevations in obstructive 
jaundice and acute hepatitis. The miscellaneous 
group had no increase of this globulin fraction. 
This component seems to be identical with the 
gamma, globulin component described by Deutsch 
in normals and the “X” component described in 
cirrhosis by others (7-9). It apparently is analo- 
gous to a new protein fraction found by many 
workers (11-15) in the serum of hyperimmunized 
animals and it, too, migrates between the gamma and 
beta globulin electrophoretic peaks. The present 
report deals with electrophoretic studies of the 
gamma, globulin alterations and their possible 
significance. 
MATERIAL AND METHODS 

The subjects and methods were the same as those de- 
scribed in Part I of these studies, the preceding article 
(10), except for additional gamma, globulin determina- 
tions in serum alone in eight more cases of cirrhosis, four 
of infectious hepatitis, one of toxic hepatitis, five of ob- 
structive jaundice, two of hemolytic jaundice, 73 of diabetes 
mellitus, 23 of poliomyelitis, 16 of rheumatoid arthritis and 
21 of hypertrophic arthritis. Chemical globulin determina- 
tions were performed according to the method of Wolfson 
and Cohn (16). The method of Chaney (17) was used 
for the cholesterol determinations. In addition total 
lipids (18), zinc sulphate turbidity (18), cephalin floccula- 
tion (19) and thymol turbidity (20) were determined. 


RESULTS 


The relation of gamma, globulin to the total 
gamma globulin in the serum and to the “fibrino- 
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TABLE I 


Comparison of electrophoretic protein partiiion in a case of cirrhosis using different electrophoresed material 








Electrophoresed 


Per cent of total proteins 





material | | | 

8 
Serum cy ei ie 22. 
Serum and thrombin Ba OSE SS 20. 
Serum and oxalate 17.7 | 
Plasma 17. 


gen” peak in the plasma patterns is illustrated in 
Figures 1, 3,4, and Tables I and III of the preced- 
ing article (10). 
the gamma, globulin in the group, with paired se- 
rum and plasma samples was 2.5% of the total pro- 


The 


cirrhotic patients had the most marked increase 


The average normal value of 


tein with a range between 1.7 and 3.4%. 


in this component, having an average gamma, 
globulin value of 7.1% with a range between 2.1 
and 11.5% (Tables I and III of the preceding ar- 
ticle [10] ). 
which only serum determinations were performed, 


In the group of cirrhotic cases in 


the average gamma, was slightly higher (7.6%) 
with one case showing 19% gamma, globulin ( Fig- 
ure 1). The cases of obstructive jaundice and 
acute hepatitis revealed less gamma, elevation. In 
interpreting the results in these groups, particu- 
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larly in the obstructive jaundice group, the limited 
number of cases must be considered. The average 
gamma, globulin values for the miscellaneous dis- 
sase group was within normal limits. The total 
serum gamma globulin increases present in the 
cases of liver disease and rheumatoid arthritis are 
in agreement with previously reported observations 
(21-26). No relation existed between the gamma, 
globulin and the total serum proteins (Figure 2a). 
This is to be expected since the total serum proteins 
in the pathologic cases and the normal individuals 
are similar, whereas the gamma, fractions in these 
two groups are dissimilar. A relatively greater in- 
crease in the gamma, fraction was found in cir- 
rhosis than in other liver diseases (Figure 2b). 
This increase is proportionately greater than the 
increase in total gamma globulin. The average 
gamma, globulin values for the miscellaneous 
group were normal despite the increase in total 
gamma globulin. Only two cases of rheumatoid 
arthritis in this group exhibited values beyond the 
normal range. The single case of multiple mye- 
loma, despite the highest total gamma globulin 
percentage (60%), had a gamma, value of 4%, 
only slightly above the normal limit. The non-liver 
disease cases have average values of gamma, 
globulin within the normal range although in each 
group there were cases with elevated values (Fig- 
ure 1). The gamma, increase is not merely a re- 
flection of elevated total gamma globulin but ap- 
parently bears some relation to chronic liver disease 
although not necessarily confined to that patho- 
logic state. 

To determine whether the gamma, globulin 
component was related to beta rather than gamma 
globulin, this component was compared with the 
electrophoretic beta globulin and the chemically- 
determined cholesterol and the total lipids which 
are said to be intimately related to the beta globu- 
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lins (27, 28). There is no relation between the 
gamma, component and the beta globulins, total 
cholesterol or total lipids (Figure 3). This is in 
keeping with Deutsch’s contention that gamma, 
globulin is actually a gamma rather than a beta 
globulin. The similarity of all three scattergraphs, 
although showing no relation between gamma, 
globulin and beta globulin, cholesterol and total 
lipids, suggests that all but gamma, are related to 
each other. 

Gamma, globulin does not appear to be related 
to results of the cephalin flocculation, thymol tur- 
bidity and zinc sulphate turbidity tests (Figure 4). 
It is probably not responsible for the abnormal re- 
sults of these tests in liver disease. 

There is no essential difference between the 
gamma, value as determined in serum, serum plus 
thrombin and serum plus oxalate (Table I). 
Therefore the gamma, component in the electropho- 
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retic pattern was probably not residual fibrinogen, 
nor could the serum-plasma electrophoretic dif- 
ference be attributed to the anticoagulant and 
denaturation of protein fractions by it. The 
relation of the gamma, component to the fibrin- 
ogen in the plasma pattern and to the serum- 
plasma gamma globulin difference is illustrated in 
Figures 1, 3, and 5 of the preceding article (10). 
The similar electrophoretic mobilities of gamma, 
and fibrinogen are illustrated in Table II of the 
preceding article (10). This similarity accounts 
for the fact that a large portion of the area under- 
neath the “fibrinogen” peak is due to the gamma, 
globulin. 
rhosis and its presence in the fibrinogen range is 
largely responsible for the elevated electrophoretic 
“fibrinogen” values frequently encountered in this 
disease. The inclusion of the gamma, component 
in the fibrinogen peak also accounts for the total 


The elevation of this component in cir- 
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gamma globulin values of plasma being less than 
those of serum. The comparison of the gamma, 
globulin values in normal subjects, cirrhotics and 
Ele- 


vations of gamma, globulin in other diseases, al- 


other disease states is illustrated in Figure 1. 


though present, are infrequent and are usually of 
mild degree only. In contrast the great majority 
of cirrhotics have gamma, globulin elevations and 
these are much higher than those found in other 


diseases. 
DISCUSSION 


The characteristic alterations in the serum pro- 
teins in chronic liver disease, namely, hypoalbumi- 
nemia and hyperglobulinemia chiefly of the gamma 
fraction, have been reported by numerous obser- 
vers (5, 21-23). 
synthesis by the liver is generally regarded as the 
cause of the marked hypoalbuminemia, other fac- 
Inadequate protein 


Although failure of albumin 


tors undoubtedly play a role. 
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intake, absorption or utilization and loss in ascitic 
fluid and urine may increase the albumin depletion 
in cirrhosis. 

The cause of gamma globulin increase in chronic 
liver disease is obscure and has been the basis of 
much conjecture. The explanation frequently ad- 
vanced that the hyperglobulinemia is compensatory 
for the lowered serum albumin seems improbable. 
This would not explain why the elevation is usually 
in the gamma fraction and why it frequently is 
sustained after the serum albumin has returned to 
normal. Albumin has a much higher osmotic ac- 
tivity than globulin and a rise in the latter prob- 
ably would be of little significance in elevating a 
depressed colloid osmotic pressure resulting from 
hypoalbuminemia (5). 

The perplexing problem of hyperglobulinemia 
in many diseases including cirrhosis is now further 
complicated by a necessity to explain the gamma, 
globulin fraction elevations characteristic of cir- 
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rhosis. Before hypothesizing as to its origin, sev- 
eral questions concerning its nature must be an- 
swered. Is this component, found in the serum, 
merely residual fibrinogen which has not been 
completely removed in the clotting process? Is 
gamma, globulin denatured serum protein pro- 
duced by the anticoagulant? If it is not a residual 
or denatured protein, is it a gamma or beta globu- 
lin? What relation has it to other protein com- 
plexes situated between the gamma and beta com- 
ponents in the electrophoretic pattern in other 
diseases? When does it appear in human serum 
and what is its relation to similar electrophoretic 
components found in the serum of animals? 


The similarity of the electrophoretic gamma, 
values of the different electrophoresed materials in 
the same patient (Table I) indicates that this com- 
ponent was not residual fibrinogen nor was the 
anticoagulant responsible for the serum-plasma 
electrophoretic differences. It is a protein com- 
ponent of normal human serum, designated gamma, 
by Deutsch who separated it from the bulk of the 
gamma fraction by means of ethanol fractionation 
(6). He found it to be present in normal human 
serum to the extent of 2-3% of the total serum 
proteins and that it was free of lipids and choles- 
terol. Our results are in agreement. Gamma, 
globulin is apparently the same protein fraction de- 
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scribed in cirrhosis as the “X”’ component by some 
observers (7-9). 

Gutman and his co-workers (29) and others (8, 
30) have found in multiple myeloma an abnormal 
serum protein component with electrophoretic mo- 
bility between that of gamma and beta globulins. 
This abnormal component does not appear to be 
the gamma, globulin in the electrophoretic pat- 
tern of the cirrhotic. The former appears as a 
very tall narrow peak whereas the gamma, globu- 


lin component is not as narrow and tall and is in 


the form of a plateau rather than a distinct peak. 

Purified Wassermann antibody also migrates 
with a mobility intermediate between beta and 
gamma globulins (31). However, the sera of 
syphilitic patients show no electrophoretic changes 
referable to this specific antibody. There is also 
no correlation between the titer of the quantitative 
Kahn reaction and increase in gamma globulin 
33). The concentrations of antibody are 
too low for detection by electrophoresis. 

Our data reveal gamma, elevations infrequently 
in pathologic states other than -liver disease. 


(Sz, 


Moreover when they occur they are usually of 
In contrast the great majority 
of cirrhotics in our series had gamma, elevations 


slight degree only. 


and they were much higher than those found in 
sporadic cases of other types of disease showing 
elevations. Wallis (34) described a component 
with an electrophoretic mobility between that of 
gamma and beta globulins in three out of four 
cases of rheumatoid arthritis. He called this a 
‘T” component and found that it comprised from 
4.9 to 8.9% of the total serum proteins in these 
aos 


component described 


cases of rheumatoid arthritis. com- 
ponent, similar to the “X” 
in cirrhosis (7-9), is identical with the gamma, 
globulin in our cases. However, such elevations 
were present in only two of our 27 cases of rheu- 
matoid arthritis and their elevations were only of 
very meager degree. The elevation of the gamma, 
component in human serum, although not pathog- 
nomonic, is highly characteristic of chronic liver 
disease. 

What causes the gamma, elevation in cirrhosis ? 
Has it any relation to the increase in total gamma 
globulin in this disease, the cause of which is con- 
jectural? The intimate relation of antibodies and 
gamma globulin has long been known (11-15, 


35-37). The increase in globulin in many infec- 
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tions consists not only in an elevation of specific 
antibodies identified by immunochemical methods 
but also in an increase that has been called ‘“‘non- 
specific antibody” or “reaction” globulin (38). 
Are these analogous to the gamma, and gamma, 
globulins? Animal experimentation has formed 
the basis for most of our knowledge of antibody 
formation. The antibodies of animals from vari- 
ous species immunized with different antigens are 
present in the globulin fraction having an electro- 
phoretic mobility either of gamma globulin or be- 
tween that of gamma and beta globulin. This latter 
component, not present normally in animals (6, 
11-15), has been designated beta, by Kekwick and 
Record (15) and as “T” component by Van der 
Scheer and Wyckoff (12, 14). It has different 
physical and chemical properties from the classical 
gamma globulin and apparently is identical with 
the globulin fraction in normal human serum desig- 
nated gamma, by Deutsch and associates (6) who 
showed that in normal persons this fraction was as- 
sociated with a variety of antibodies. This gamma, 
globulin which was similarly found present in our 
normal subjects was elevated in most of our cir- 
rhotic cases. Can the gamma, elevation in chronic 
liver disease be attributed to antibody formation? 
The gamma, elevations in our subjects were 
most marked in the chronic liver cases. Elevations 
in the obstructive jaundice group may have been 
due to the secondary parenchymal damage re- 
vealed by liver function studies in these cases. It 
is impossible to draw any conclusions from only 
three cases. The elevation of the gamma, globu- 
lin component in chronic liver disease and the slight 
elevation in acute types of hepatic damage might 
appear to suggest typical antibody response such as 
is seen in infections in which antibodies increase 
as the condition becomes chronic. However, pre- 
vious studies (39) have shown that scarring fol- 
lowing viral hepatitis may occur with decreasing 
electrophoretically separated 
gamma globulin. Viral hepatitis, the only hepatic 
condition in this study definitely known to be in- 
fectious, strangely enough showed little rise in the 
gamma, fraction. On the other hand, the cases of 
cirrhosis of the Laennec’s type in which an infec- 
tious agent is not usually implicated showed the 
greatest elevation of gamma, globulin. We com- 
pared the gamma, globulin in cases of alcoholic cir- 
rhosis (in which malnutrition was a major factor ) 


concentrations of 
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with that found in several cases of cirrhosis of the 
Hanot and cholangiolitic types presumed to be sec- 
ondary to some form of infection such as viral 
hepatitis. There was essentially no difference in 
gamma, alteration in the “malnutrition” and “in- 
fectious” types of cirrhosis. Malnutrition experi- 
ments in humans (40, 41) and animals (42) have 
shown that malnutrition is not responsible for any 
rise in gamma globulin. We must therefore look 
to some other cause than infection or malnutrition 
for the elevation of the gamma globulin and par- 
ticularly the gamma, portion which in hyperim- 
munized animals (11-15) and normal humans 
(6) is rich in antibodies. 

Certain features of the cirrhotic state itself lend 
support to a possible relation between gamma glob- 
ulin increase and antibody formation in cirrhosis. 
Cirrhosis is frequently featured by an increased 
mesenchymal reaction. Increase in lymphocytes 
and plasma cell elements (43) may be striking in 
the bone marrow (44). The degree of plasma cell 
and lymphocyte hyperplasia correlates roughly with 
the degree of hyperglobulinemia (44, 45). Berlin 
and his co-workers (46) could not confirm these 


findings. They state, however, that where hyper- 
globulinemia exists without plasmacytosis in the 
bone marrow, other sites of proliferation of plasma 
cells must be considered, especially the liver and 
spleen or specific sites of chronic infection. They 
state that it is possible that globulins may be formed 
at several different sites, namely, in plasma cells, 


lymphocytes and reticulo-endothelial cells. His- 
tiocytic proliferation in the liver likewise has been 
reported to be related to a reversal in the albumin- 
globulin ratio (47). Pulp hyperplasia, consisting 
largely of proliferation of active histiocytes in the 
lumen of the sinuses (48), is frequently a factor 
in the splenomegaly of cirrhosis. Bjgrneboe and 
Gormsen (49) immunized rabbits with polyvalent 
vaccine which resulted in plasma cell proliferation 
in many organs, especially in the spleen and liver ; 
the degree of this plasma cell proliferation closely 
corresponded to the antibody concentrations. They 
believed that the antibodies were formed by plasma 
cells and the increase in splenic weight after in- 
tensive immunization was due to the plasma cell 
proliferation in the spleen. The relation between 
hyperglobulinemia and plasma cell proliferation 
and the possible role of the histiocytes as globulin 
producers has been mentioned by other authors 
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(50-53). The hyperglobulinemia may well be re- 
lated to the histiocytosis and plasma cell activity 
frequently found in the liver, spleen and bone mar- 
row in cirrhosis. 

Since infections have not been proved as a causa- 
tive factor in most cases of Laennec’s cirrhosis, we 
must look for some other cause of the increased 
mesenchymal and globulin reactions in the cir- 
rhotic state. Marked increases in plasma gamma 
globulin occur frequently in heterogenous diseases 
having in common extensive tissue breakdown such 
as in chronic suppurative infections (5). Gut- 
man believes that the mechanism here may be 
homologous tissue antibody formation. It is con- 
ceivable that liver cell breakdown products of a 
protein nature act as an autogenous antigen caus- 
ing a mesenchymal proliferation in the liver, spleen 
and bone marrow with a consequent or concom- 
itant rise in gamma globulin. Necrosis of paren- 
chymal cells may lead to fibrous tissue prolifera- 
tions seen in cirrhosis (54). 

The reason for the more frequent and greater ele- 
vation of gamma, globulin in chronic liver disease 
as compared with other diseases may be the dam- 
aged liver’s inability to metabolize protein-break- 
down products. This allows them to circulate and 
possibly act as autogenous antigens. 

We have described the marked increase of 
gamma, globulin in cirrhosis and have hypothe- 
sized its nature and the reason for its presence in 
chronic liver disease. The gamma, globulin com- 
ponent is normally present in human blood and has 
been shown by Deutsch to have antibody activity 
(6). In addition, many workers have definitely 
demonstrated in animals an analogous protein 
component which is not present normally, but 
arises only after hyperimmunization with various 
bacterial antigens. Thus gamma, globulin in nor- 
mal man and in hyperimmunized animals has been 
shown to have antibody properties. There is a 
possibility that circulating protein breakdown 
products, not metabolized by the diseased liver, 
act as an autogenous antigen and are responsible 
for the increased histiocytic plasma cell activity 
and increased gamma, globulin conteat frequently 
found in the cirrhotic state. 

Realizing that this report has raised more ques- 
tions than it has solved, we nevertheless believe 
that the approach to the complex problem of gamma 
globulin alterations in liver disease is promising 
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and warrants further investigation using electro- 


phoretic and immunochemical methods. 


SUMMARY 


1. Electrophoretic determinations were _per- 
formed on the sera of 241 persons, including 18 
normal, 56 patients with various liver diseases and 
167 patients with miscellaneous diseases. 

2. There were marked elevations of a gamma, 


component between the commonly described 


gamma and beta globulin in the electrophoretic 
pattern in cirrhosis, and smaller elevations in 


other liver disease. 

3. Average values in condition’ other than liver 
disease were within the normal range. 

4. The significance of this gamma, elevation in 
chronic liver disease and its possible relation to 
antibody formation are discussed. 
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The retention of water without a physiologically 
equivalent amount of sodium following abdominal 
paracentesis has been studied in two patients with 


advanced cirrhosis of the liver. In each there de- 
veloped manifestations considered characteristic 
of sodium deficit, although there was no change in 
the total body sodium at the time these appeared. 
Such retention of water in excess of salt, regularly 
observed when large external losses of salt and 
water are replaced with water alone (1-3), has 
been noted in certain cases of heart failure and 
chronic renal disease (4-6) as well as in decom- 
pensated hepatic cirrhosis (7, 8). Whether the 
retention is primarily mediated through renal he- 
modynamic changes, altered tubular function, or 
increased antidiuretic activity is not clear. Obser- 
vations concerning the development of this condi- 
tion in two patients with cirrhosis are recorded 
below. 


METHODS 


During the periods of study both patients were offered 
diets calculated to contain 100 grams each of protein 
and fat, 300 grams of carbohydrate, approximately 100 
mEq. of potassium and no more than 15 mEq. of sodium. 
-€ access to water 
was allowed except when otherwise noted. The patients 
were weighed daily and the volume of urine collected 
during each 24 hour period was measured. The volume 
of fluid taken orally was estimated from conventional 
household measures. Venous blood samples were ob- 
tained daily in the post-absorptive state, without stasis in 
the first patient. Stasis was usually unavoidable in the 
second patient so that determinations of hemoglobin, he- 
matocrit and serum protein were considered unreliable. 
The volume of packed red blood cells was measured in 
Wintrobe tubes (9); hemoglobin photometrically (10) ; 
serum total proteins by micro-Kjeldahl (11) and by 
gradient tube (12); chloride by Hald’s modification of 
the Patterson micro-method (13); creatinine by Peters’ 


Dietary rejections were measured. F 
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modification of the Folin procedure (14); non-protein 
nitrogen by micro-Kjeldahl with Nesslerization (15) ; and 
sodium and potassium by means of the Barclay internal 
standard flame photometer. Except where otherwise 
noted, urine was collected over 24 hour periods and was 
analyzed for chloride by the Volhard-Harvey method 
(16), for total nitrogen by the micro-Kjeldahl procedure 
(11), and for creatinine, sodium, and potassium by the 
methods employed for serum. Change in total body water 
(liters) was taken to equal change in weight (kilograms). 


CASE REPORTS AND RESULTS 


Case I. 


W. T. (CVAH No. 20063), a 58 year old white male, 
had been a chronic alcoholic for many years. One year 
before admission he developed ascites and jaundice at 
which time a low sodium diet was prescribed. He re- 
ceived frequent injections of mercurial diuretics but 
paracentesis was required for the relief of ascites, first 
monthly, later at two-week intervals. Following each 
paracentesis, disturbance of the sensorium of several days 
duration was regularly observed by the attending physi- 
cian. Two days prior to the first hospitalization, para- 
centesis was performed and a mercurial diuretic was 
given. The patient also received 0.2 gram of sodium 
pentobarbital. Within a few hours he became hyperac- 
tive, confused, and vomited several times. At about this 
time he complained of cramps in his legs. 

On admission (October 15, 1949) he appeared poorly 
nourished, acutely and chronically ill and was euphoric, 
confused, and slightly jaundiced. A few spider angio- 
mata were present. The abdomen revealed signs of 
moderate ascites with a firm non-tender liver edge at the 
costal margin. The spleen was palpable 6 cm. below the 
costal margin. Peripheral and sacral edema were absent. 
Tests of liver function were consistent with marked 
hepatocellular disease. There was a moderate normo- 
chromic anemia. The specific gravity of the urine was 
1.029. No abnormalities were noted on routine urinalysis. 
Renal excretion of phenolsulfonphthalein was 64 per cent 
in two hours. The blood non-protein nitrogen was 42 
mg. per 100 ml. The concentration of chloride in the 
serum was 92 mEq. per liter. Several grams of sodium 
chloride were given shortly after admission. The muscle 
cramps promptly disappeared and the mental confusion 
cleared rapidly. The serum chloride rose to 100 mEq. 
per liter and the NPN fell to 29 mg. per 100 ml. The pa- 
tient was discharged 11 days after admission much im- 
proved, but with persistent moderate ascites. 
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Abdominal paracentesis was again performed 16 days 
after discharge by the family physician and a week later, 
November 19th, the patient was readmitted in a state of 
confusion with clinical and laboratory findings as before. 
Without specific treatment he became oriented within 
24 hours. Another paracentesis, performed in the hospital 
on December 3rd, was followed by confusion. He im- 
proved promptly when sodium chloride was given. 

Detailed studies were carried out from December 14th 
to December 31st. (See Table I.) On December 15th, 
the serum sodium was 130 and chloride, 103.9 mEq. per 
liter. COs content was 18 mEq. per liter and showed no 
significant change throughout the study. The hematocrit 
was 30 per cent. Following the removal of 8.6 liters of 
ascitic fluid the weight was 58.17 kilograms. The patient 
became thirsty and ingested considerable water. Forty-/ 
four hours later his weight had increased by 1.95 kilo- 
grams, the concentration of sodium in serum had fallen to 
125 and that of chloride to 98.7 mEq. per liter, with the 
hematocrit rising to 34 per cent. Apathy, weakness, con- 
fusion, nausea and vomiting appeared. The blood pres- 
sure fell, with narrowing of the pulse pressure; marked 
tachycardia developed. The urine which had been scanty 
throughout was further suppressed prior to therapy. The 
serum non-protein nitrogen, consistently 40 mg. per 100 
ml. or less during the previous seven days, rose to 47; the 
serum creatinine, consistently below 1.09 mg. per 100 ml., 
rose to 1.22 on December 17th. On this date 188 mEq. of 


sodium chloride were given intravenously as a 3 per cent 


solution. The next day the patient remained confused 
and apathetic with continued hypotension and tachycardia. 
Although serum sodium was now 131.5 mEq. per liter, 
the hematocrit continued to rise to 37 per cent. Ac- 
cordingly, an additional 402 mEq. of sodium chloride in 3 
per cent solution, and 50 grams of concentrated human al- 
bumin were administered intravenously. On the follow- 
ing day clinical improvement was striking. The serum 
sodium was 138 mEq. per liter. The hematocrit had re- 
turned to 30 per cent. 

The patient was then maintained on a regular diet with- 
out salt restriction. On December 26th, 10.3 liters of 
ascites were removed. The patient was requested to limit 
his fluid intake. Nevertheless, because of intense thirst, 
he drank large quantities of water. Sodium chloride was 
given in proportion of approximately 135 mEq. to each 
liter of water retained; 550 mEq. the day of paracentesis 
and 426 the following day. On this program the con- 
centrations of sodium and chloride in serum remained 
normal and there was no evidence of hemoconcentration 
or nitrogen retention. The sensorium remained clear. 
No signs of circulatory impairment developed. Some 
nausea did occur but this may have been related to in- 
gestion of salt tablets and to abdominal distention associ- 
ated with the accelerated rate of reaccumulation of ascites. 

The retention of water and sodium for the two periods 
described are represented in the table and Figure 1. 
During the first period water retention was large al- 
though the intake of sodium was initially very small. 
When symptoms developed 44 hours after the first para- 
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centesis, hypertonic sodium chloride was required to re- 
store the body water to relatively normal tonicity. Dur- 
ing the second period, when very large amounts of sodium 
chloride were given, the patient reaccumulated ascites 
at a very rapid rate and again required paracentesis of 
11.5 liters of fluid on December 30th. It is of interest 
that on the second day of this regime the urine contained 
54 mEq. of sodium whereas the excretion was less than 
1 mEq. on all other days. 

On December 31st, the patient developed bronchopneu- 
monia, from which time on his condition deteriorated rap- 
idly. Enough sodium chloride was given each “ay to 
render the fluid intake approximately isotonic. The 
concentration of sodium in serum remained normal 
throughout the remainder of his course and no symp- 
toms suggestive of salt depletion appeared. However, he 
gradually lapsed into coma with increasing jaundice, and 
despite apparently successful therapy of the pneumoni- 
tis with antibiotics, death in hepatic coma occurred on 
January 14, 1950. 

Post-mortem examination confirmed the clinical diag- 
nosis of advanced portal cirrhosis with esophageal varices. 


Case Il. 


W. F. (CVAH No. 23530), a 58 year old white male, 
had consumed moderate quantities of alcohol for 25 
years prior to hospitalization on May 3, 1950. He had 
noted anorexia and weight loss nine months before admis- 
sion; two months later his abdomen began to swell. 
Three months prior to admission a paracentesis was per- 
formed; he was placed on a salt poor diet and received 
mercurial diuretics. Paracenteses were required at in- 
tervals of four to six weeks and were followed on each 
occasion by weakness and general malaise for two or 
three days unassociated with muscle cramps, disturbed 
sensorium or gastrointestinal symptoms. 

On admission he appeared malnourished. The ex- 
tremities were wasted and the abdomen was markedly 
distended. He was mentally alert. Numerous spider 
angiomata were present. Examination of the lungs and 
cardiovascular system revealed no abnormalities except 
for mild tachycardia and a blood pressure of 150/88. 
Numerous dilated superficial veins were present over 
the distended abdomen and frank signs of fluid were 
present. After the removal of ascitic fluid the edge of a 
firm non-tender liver could be felt 4 cm. below the 
costal margin. The spleen was not felt. There was no 
subcutaneous edema. 

A mild hypochromic anemia was present. Urinalysis 
was unremarkable except for a specific gravity of only 
1020 despite marked oliguria. Tests of liver function in- 
dicated marked hepatocellular damage, although bilirubin 
levels were normal. CO: content was 20.4 to 23.4 mEq. 
per liter during the period of study. Other data, re- 
corded in the table, indicated moderate impairment of 
renal function. X-ray examinations failed to demonstrate 
esophageal varices but revealed a benign appearing ul- 
cer crater on the lesser curvature of the stomach. 

Shortly after admission the diet previously described, 
containing approximately 15 mEq. of sodium, was given. 
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Case 1. CUMULATIVE RETENTION OF TOTAL 
Bopy WaTER AND SopIuM 


Fic. 1. 


Ordinate scale constructed to represent 135 mEq. of 
sodium equivalent to 1.0 liter of water. Dotted line 
above hatched area represents retained sodium. Solid 
line represents water retained. Open area represents water 
retained in excess of sodium. 


From May 6th to May 9th, before paracentesis, his 
weight increased almost 3 kilograms (Table I). During 
this period the concentration of sodium in serum fell 
from 134.8 to 129.8 mEq. per liter and that of chloride 
from 105.0 to 100.1 while serum potassium rose from 
5.9 to 6.4 mEq. per liter. On May 9th, 16.4 liters of 
ascitic fluid were removed by paracentesis. The next 
morning, the concentrations of sodium and chloride in 
serum were 125.0 and 96.1 mEq. per liter respectively. 
On the morning of May 11th, the serum chloride had fallen 
further to 92.6 mEq. per liter, while the concentration of 
sodium appeared to have remained essentially unchanged 
and carbon dioxide content increased by 2 mEq. per liter. 
Serum potassium had increased to 6.7 mEq. per liter 
and the non-protein nitrogen to 56 mg. per 100 ml. 
However, the patient remained quite comfortable and ate 
well. During the afternoon increasing weakness and 
fatigue were noted together with some nausea. The pa- 
tient refused supper and at midnight complained of 
severe nausea and persistent hiccoughs. He was dis- 
tressed and apprehensive but the sensorium was clear 
and no muscle cramps developed. The pulse rate rose 
from 80 to 106 with a fall in blood pressure from 120/80 
to 95/80. This deterioration of the clinical condition was 
unassociated with any further change in the concentra- 
tion of sodium or chloride in serum, but by midnight, 
60 hours after the paracentesis, the potassium rose even 
higher to 7.4 mEq. per liter. He was given 200 mEq. 
of sodium chloride as a 3 per cent solution intra- 
venously at this time. During the next eight hours nau- 
sea gradually disappeared and he became much more 
comfortable. The concentration of chloride in serum 
rose to 100.3 mEq. per liter and that of sodium to 128, 
while potassium fell to 7.0 and carbon dioxide content 
by 2.8 mEq. per liter. Hiccoughs continued for 12 hours 
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longer. He then received an additional 85 mEq. of so- 
dium chloride by mouth. Within 36 hours his strength 
and sense of well being had been restored and the pulse 
and blood pressure had returned to their original values. 
However, without administration of salt, the concentra- 
tien of sodium and chloride in serum fell about 3 mEq. 
per liter. The non-protein nitrogen did not fall, but se- 
rum potassium decreased further to 6.6 mEq. per liter 
on May 15th. 

In the three day period prior to paracentesis, there 
had been retention of approximately 2.8 liters of water 
in excess of sodium (Table I, Figure 2) with an associ- 
ated decline of 5 mEq. per liter in the concentration of 
sodium and chloride in serum. The calculated additional 
retention of water without salt during the 60 hours after 
paracentesis approximated only 800 ml. but the serum 
sodium declined by 5 and the chloride by 7 mEq. per 
liter during this period. During the 32 hour period af- 
ter the administration of hypertonic saline, the increase 
in total body water as indicated by weight gain of 0.4 
kilogram was small, but the increase in extracellular 
volume calculated from change in concentration of 
chloride in serum and chloride balance (17) was 2 liters. 
On May 13th, the patient began to leak fluid from the 
paracentesfs puncture site and balance studies were 
discontinued. 

Subsequently, a diet containing liberal amounts of 
sodium chloride was given and there were no further 
manifestations of salt deficiency. During the next two 
months there was slight clinical improvement and the 
abnormalities in tests of hepatic function became less 
marked. Additional paracenteses were required at 
monthly intervals. Some nitrogen retention persisted and 
endogenous creatinine clearance on June 22nd was only 
29 ml. per minute. The gastric ulcer failed to heal and 
a second crater subsequently appeared. The patient died 
on August 4, 1950, following repeated episodes of gastro- 
intestinal bleeding. Findings at post mortem examina- 
tion included portal cirrhosis of the liver with esophageal 
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Prat RRS SY 


742 WILLIAM P. NELSON, IIt, JACK D. ROSENBAUM, AND MAURICE B. STRAUSS 


varices; two benign gastric ulcers; and benign arteriolar 
nephrosclerosis of moderate severity. 


DISCUSSION 


Manifestations observed in the first patient 
included hyponatremia, apathy, weakness, con- 
fusion, anorexia, nausea, vomiting, muscle cramps, 
hypotension, narrow pulse pressure, tachycardia, 


hemo-concentration and elevation of the serum 
non-protein nitrogen. Following the administra- 
tion of hypertonic saline these disappeared. Fur- 
thermore, the syndrome failed to develop when iso- 
tonic saline was given after the second paracen- 
tesis. The second patient’s symptoms were less 
severe but equally characteristic. The sensorium 
remained clear although depression and appre- 
hension were noted. He became nauseated and 
had hiccoughs but did not vomit. Circulatory im- 
pairment, as reflected by hypotension and tachy- 
cardia, was unequivocal. Hyponatremia and hy- 
pochloremia were present. Nitrogén retention, 
present on admission, became more marked after 
paracentesis. The administration of sodium chlo- 
ride produced marked improvement although the 
concentration of non-protein nitrogen and creati- 
nine in the serum remained elevated. 

In both patients, the urine volume remained 
small throughout, averaging about 600 ml. daily 
in Case I and approximately 750 ml. daily in Case 
II. Both patients retained water even though 
sodium was not given, so that hyponatremia nec- 
essarily developed. In Case I, although physical 
signs indicated rapid reaccumulation of ascitic 
fluid during the first 24 hours after the para- 
centesis of December 15th, the calculated increase 
in total extracellular fluid volume during this first 
day was negligible (0.13 liters) and the hemato- 
crit rose but slightly, suggesting that losses of 
plasma water and electrolyte into the peritoneal 
cavity were being replaced at the expense of trans- 
fers from the interstitial extracellular compart- 
ment. 

In the second patient, water was being re- 
tained in excess of sodium prior to paracentesis. 
Nevertheless, symptoms did not develop until 
about 60 hours after paracentesis. Although 
weight did not increase at an accelerated rate af- 
ter paracentesis, the concentrations of sodium and 
chloride in serum underwent a further abrupt fall. 
The mechanism of this change is not clear, but re- 


quires either a shift of sodium chloride into cells 
or, due to alteration of intracellular osmolarity, a 
movement of water out of cells. 

Both patients developed symptoms concomitant 
with the decline in concentration of sodium in se- 
rum during the days following paracentesis. This 
decline occurred despite the presence of an ab- 
normally large total volume of extracellular fluid 
with an excessive total body content of sodium. 
However, with segregation in the peritoneal cavity 
of a considerable portion of the total volume of 
extracellular fluid (ascitic fluid plus interstitial 
fluid plus plasma), it appears likely that the ex- 
traperitoneal extracellular fluid volume (inter- 
stitial fluid plus plasma) was actually reduced. 
Certainly the plasma volume, as judged by the ris- 
ing hematocrit in Case I, was diminished. Man- 
kin and Lowell (18) observed that patients with 
cirrhosis characteristically reaccumulate ascites 
most rapidly during the first three days after 
paracentesis. In one of their patients ascitic 
fluid volume expanded by 2 liters during the first 
24 hours after tapping, while body weight in- 
creased by only 1 kilogram. At least a liter of 
extraperitoneal extracellular fluid must therefore 
have been transferred into the peritoneal cavity. 
That transport of extraperitoneal extracellular 
fluid into the peritoneum frequently occurs after 
paracentesis is further supported by the clinical 
observation that when subcutaneous edema is 
present, it often decreases during this period, al- 
though body weight may not fall (19). 

Several observations suggest that contraction of 
the extraperitoneal extracellular fluid volume 
(which, apart from any edema, might be called 
the “effective” extracellular volume) is an im- 
portant feature of the syndrome. The second 
patient (W. F.) underwent two subsequent para- 
centeses after he had developed moderate de- 
pendent edema. No untoward manifestations ap- 
peared despite the fact that no extra salt was 
given and reaccumulation of ascites was initially 
rapid. The edema decreased without weight loss 
during the days following each paracentesis. This 
has been observed in other patients with ascites 
whose edema disappeared after paracentesis while 
their weight remained stationary and ascites in- 
creased. Presumably the edema fluid mobilized 
served to maintain the effective volume of extra- 
cellular fluid since symptoms did not appear de- 
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spite moderate hyponatremia which was present 
before and after paracentesis and which showed no 
significant change after paracentesis. Others who 
have observed the occurrence of weakness and 
circulatory impairment after paracentesis state 
that they have encountered these symptoms only 
in patients with little or no peripheral edema who 
reaccumulate ascites rapidly (20, 21). 

That hemoconcentration of some degree fre- 
quently follows paracentesis in patients with he- 
patic cirrhosis is evidenced by the observations of 
Gabuzda and his associates (19). A patient has 
been observed by us who developed severe hemo- 
concentration and became comatose on two oc- 
casions within 48 hours after paracentesis, and on 
each occasion was relieved by the intravenous in- 
fusion of salt poor human albumin. In the first 
case reported here, W. T., it seems probable that 
the administration of albumin might well have 
not only corrected the hemoconcentration but 
also the extreme thirst which presumably re- 
sulted from the contracted blood volume (22) and 
which directly led to the large water ingestion 
and consequent hyponatremia. Certainly the fre- 
quent occurrence of moderate hyponatremia in 
patients with decompensated cirrhosis without 
symptoms of salt deficiency (7, 8) suggests that 
hypotonicity alone, although hardly beneficial, 
does not produce the clinical syndrome described. 
It thus seems probable that a decrease in effective 
extracellular volume is a necessary event in its 
pathogenesis, and that the administration of hy- 
pertonic saline serves to correct both the hypo- 
tonicity and the diminished plasma volume. 

Although the various manifestations encoun- 
tered in the patients described above were similar 
to those encountered with diverse causes of salt 
deficit, the loss of water and electrolytes was into 
the peritoneal cavity rather than externally. The 
retention of ingested water without salt may have 
represented an attempt to restore the decreased ef- 
fective extracellular volume or the diminished 
plasma volume at the expense of electrolyte con- 
centration. If isotonic saline or edema fluid was 
available in sufficient quantity to provide for the 
obligatory reaccumulation of ascites, the syndrome 
did not occur. Once it had developed, however, 
hypertonic saline was necessary to restore electro- 
lyte concentration and effective extracellular 
volume. 
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Rigid restriction of the intake of sodium has 
been widely practiced with a large measure of suc- 
cess in the management of patients with hepatic 
cirrhosis and ascites (7, 23-26). The infrequency 
of the development of the low-salt syndrome in 
patients so treated has been emphasized (24, 27). 
Although chronic hyponatremia in hepatic cir- 
rhosis is common, it appears to be related to the 
severity of decompensation (7, 8) and does not 


necessarily depend upon rigid salt restriction. 
However, a tendency for serum sodium to fall 
' in patients with hepatic cirrhosis treated by means 


of a diet poor in sodium has been reported by 
Farnsworth and Krakusin (28). Similar obser- 
vations have been made by Eisenmenger and as- 
sociates (8, 24), who described symptoms sug- 
gesting sodium deficit in two of 13 cases treated. 
However, in one patient the symptoms were very 
mild and in the second their relationship to sodium 
unclear. Symptomatic hypo- 
chloremia in hepatic cirrhosis was probably first 
described by Porges in 1932 (29). Mach and 
(30) recognized hypochloremia fol- 
lowing repeated paracenteses, but observed no as- 
sociated symptoms. Gabuzda and colleagues (19) 
have noted moderate hyponatremia to be a fre- 
quent transitory event after paracentesis, an ob- 
servation confirmed by others (8). 

It seems probable that if the syndrome described 
above occurred frequently in severe form, it would 
no doubt have been recognized more often in the 
past. 
from the therapeutic value of salt restriction in 
cirrhosis, nor do they indicate that the large 
amounts of salt administered in this study will of- 
ten be required. The available information sug- 
gests that the abnormality rarely becomes severe 
enough to produce symptoms. Moreover, these 
often may be mild and disappear without therapy 
specifically directed at their correction. 


restriction was 


associates 


The observations presented do not detract 


SUMMARY 


1. The development of symptomatic hyponatre- 
mia following abdominal paracentesis in two pa- 
tients with cirrhosis of the liver has been described. 

2. The manifestations were corrected by ad- 
ministration of sodium chloride in hypertonic 
solution. 

3. Development of the syndrome was apparently 
prevented in one patient when his fluid intake after 
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paracentesis was limited to isotonic saline. In the 
other patient, when subcutaneous edema was pres- 
ent on a later occasion, its mobilization after para- 


centesis appeared to prevent the symptoms. 

4. It is suggested that although total extracellu- 
lar fluid volume was large, the extraperitoneal (ef- 
fective) extracellular fluid volume was actually 
decreased in both patients when the syndrome 
developed. 
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INTRODUCTION 


The energy demands of increased functional 
activity of the body as a whole are met by in- 
creased oxygen consumption with a high degree 
of thermodynamic efficiency amounting to 25 or 
30 per cent (1). In the case of cardiac or 
skeletal muscle or secreting glands this relation- 
ship seems straightforward, but it is less obvious 
with brain or kidney. In the case of kidney, 
thermodynamic calculations by other workers 
(2, 3) indicate that the theoretical oxygen 
equivalent of the work necessary to produce 
maximal osmolar gradients between plasma and 
bladder urine is small relative to the resting 
metabolism of the organ. Experimental testing 
of this relationship by direct measurements in 
animals has resulted in contradictory reports 
(4-8). Since failure of experimental unanimity 
may have been due, in part, to differences in 
species, preparation or anesthesia, and _ since 


changes in renal oxygen consumption may be 
related to many factors other than mere overall 
osmotic gradients, it seemed advisable to make 


these measurements in unanesthetized man. 
Aside from their theoretical interest, such data 
might help in understanding the concepts of 
“renal work”’ and “resting the kidney’’ on the 
clinical level where they are stressed in all 
discussions of therapy but do not have an un- 
equivocal background on the basis of either 
theory or experiment. 

1 Presented to the American Physiological Society, 
Detroit, Mich., April 21, 1949. 

2 This work was done during the tenure of a National 
Institutes of Health Post Doctorate Fellowship. 

3 Harrison Fellow in Surgical Research. 

4This work was supported by the Department of 
Medicine, The Harrison Department of Surgical Research 
and C. Mahlon Kline Fund for developments in the 
Department of Medicine. 


METHODS 


General 


Measurements of glomerular filtration rate, renal blood 
flow and renal oxygen consumption were made before and 
during test procedures in 15 adult male subjects between 
the ages of 17 and 58 years of age none of whom had 
evidence of renal disease. Clearances were performed in 
general according to the techniques described by Goldring 
and Chasis (9), and values were corrected to 1.73 square 
meters surface area. Constant infusions of test solutions, 
mannitol and para-aminohippurate (PAH), were given 
intravenously by means of a motor driven worm screw 
pushing on the barrel of a 50 cc. syringe according to the 
technique of Earle and Berliner (10). PAH and mannitol 
were mixed in the same solution; this procedure, however, 
causes no reduction in PAH extraction and clearance such 
as has been described with mixtures of PAH and glucose 
where presumably a coupling reaction occurs in which the 
p-amino group of the PAH is covered (11). Urine was col- 
lected by catheter with bladder washings. Blood samples 
were taken simultaneously from the femoral artery by means 
of an indwelling needle and from the right renal vein by 
means of a catheter. Before sampling, 5 cc. of blood were 
withdrawn from the artery and 10 cc. from the renal vein 
to clear the systems. These quantities were demonstrated 
to be adequate by testing im vitro with dye solutions. 
After sampling, this blood was reinjected. Blood to be 
analysed for excretory substances (mannitol, PAH and 
creatinine) was taken into dry syringes and transferred to 
tubes containing powdered heparin. Blood for gas 
analysis was taken anaerobically into 10 cc. syringes wet 
with liquid heparin. One cc. of mercury was introduced, 
the syringes were capped and kept in ice until analysed. 
This interval was sometimes as long as six hours in cases 
where a great many specimens were taken, but if the blood 
is adequately iced no measurable deterioration of oxygen 
content occurs in this time. Since analysis of each 
arterial sample was immediately followed by analysis of its 
paired venous sample, any undetected deterioration would 
tend to be minimized in the arterio-venous difference. 


Test procedures 


After control observations varying from about 30 to 60 
minutes’ duration and consisting of two or three urine 
collection periods and one or two arterio-venous oxygen 
differences, one of the following experimental procedures, 
designed to change renal work, was instituted. 
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PAH saturation: In five subjects the rate of excretion 
of PAH by the tubules was increased from values of 11-16 
mg./min. to maximal rates of 71-86 mg./min. by increasing 
the rate of PAH infusion after an additional priming dose, 
thus raising the PAH plasma concentration from low 
levels of around 2 mg./100 cc. to higher levels of around 
30 mg./100 cc. 

Water diuresis: In five subjects tap water was given by 
mouth in varying amounts, depending on the subject's 
capacity, and measurements made after water diuresis had 
been established. 

Osmotic diuresis: In five subjects mannitol was injected 
intravenously as a priming dose of 12.5 to 50 grams 
followed by a constant infusion of 194 to 262 mg./min. 


Calculation of renal functions 


Renal blood flow (RBF) was determined by application 
of the Fick principle using PAH as a test substance, 
UV 1 
~ A-R ™ 1-Het’ 
equals the rate of urine formation in cc./min.; U, A and R 
equal the concentration of PAH in mg./cc. in urine, 
arterial plasma and renal venous plasma respectively; and 
Hct. is the arterial hematocrit. Determined values for 
A-R from simultaneously drawn samples were plotted 
against time on semilogarithmic paper and the interpolated 
value at the mid-point of each urine collection period was 
used to calculate RBF. Glomerular filtration rate (GFR) 
was measured as endogenous creatinine clearance (Ccr) 
in all cases and as mannitol clearance (Cm) in some. 
Total renal oxygen consumption (TQo,) was calculated as 
the product of RBF and renal arterio-venous oxygen 
difference (A-R)o9,._ Data have been expressed as cc./100 
grams/min. (Qo,) on the assumption that 300 grams of 
renal tissue are equivalent to 1.73 square meters surface 
area, 1.€., Qo, = TQo,/3. In each case, control values of 
RBF and (A-R)o, were averaged and these averages 
multiplied together to calculate TQo,. Experimental 
values were treated in the same manner. To avoid the 
possibility of error in (A-R)o, estimations, arising from 
changes in hemoglobin concentration in passage through 
the kidney or by unequal dilution in the sampling syringes 
by liquid heparin or traces of saline remaining in the 
venous catheter, values for renal venous oxygen content 
have been corrected to the same hemoglobin content as 
the simultaneously drawn specimen from the femoral 
artery according to the following formula. Ros = Roop 
x AHb/RHb, when Rogg is the corrected, and Ro»p the 
determined value for oxygen content of renal venous blood 
in vols. per cent, and AHb/RHb is the ratio of hemoglobin 
concentration in the femoral artery to that in the renal 
vein. This value, AHb/RHb, averaged 0.997 in 47 
determinations with a standard deviation of 0.027 and a 
standard error of the mean of 0.004. The range, however, 
was from 0.913 to 1.050, and while these corrections are 
small compared to the total oxygen content of either 
arterial or renal venous blood, they may constitute a 
sizeable fraction of the relatively small (A-R)o,. In 11 
instances the correction was zero but in 10 it was greater 
than 0.50 vol. per cent. The mean of the differences 


according to the equation RBF where V 
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Rozc-Rozp was not statistically significantly different from 
zero but this merely indicates that AHb tended to exceed 
RHb as frequently as RHb exceeded AHb. These changes 
are probably not due to errors in the hemoglobin method, 
since we have found in 42 sets of triplicate determinations 
(assuming 1 gram of hemoglobin to be equivalent to 1.34 
cc. of oxygen) that the maximum change in (A-R)9, result- 
ing from error in AHb/RHb should have been less than 
0.2 vol. per cent in 95 per cent of the cases. On the basis 
of subsequent work, we are inclined to believe that one 
factor in this difference was unequal dilution of the 
arterial and renal venous blood by the liquid heparin in the 
sampling syringes. Similar results of about the same 
magnitude have been reported by other workers in the 
dog (1, 12, 13) although smaller differences have been 
found in man (14, 15). 


Chemical determinations 


Blood oxygen content was determined in duplicate on 
1 cc. samples by the manometric method of Van Slyke 
and Neill for 
dioxide and oxygen (16). 


simultaneous determinations of carbon 
In all determinations gas was 
thus liberated by means of a combined reagent containing 
lactic acid. Under these conditions, as has been demon- 
strated in this laboratory (17) and recently confirmed (18), 
the inaccuracies of oxygen determinations resulting from 
incomplete hemolysis of red cells by saponin in neutral 
solution do not occur (19). Duplicate determinations 
agreed within 0.05 vol. per cent for the most part and 0.10 
vol. per cent in all cases. 

PAH was determined as “ total’’ PAH by acid hydrolysis 
of the conjugated material according to a modification of 
the method of Smith and his associates (20) in 11 cases and 
by the method of Newman and his associates (21) in the 
last four. 

Mannitol was determined by a modification of Smith’s 
method (22); endogenous creatinine was determined by 
the method outlined by Brod and Sirota (23); oxyhemo- 
globin determinations were done on the Evelyn photo- 
electric colorimeter (24) and hematocrits were determined 
according to the method of Wintrobe (25) with no cor- 
rection for trapped plasma. 


Statistical methods 


To evaluate results, the standard error of measurement, 
om, for each specific function has been calculated from the 
variability of multiple control determinations in each 


ae . ed? 
individual according to the formula om = Js. where d 
n 


represents the deviation of each observation from the mean 
value for that subject and n’ represents degrees of freedom 
calculated as the total number of observations minus the 
total number of subjects. The standard error of measure- 


ment of the mean of multiple determinations in a single 
om ‘ : 
subject equals —= where n is the number of observations 
Vn 


making up the mean. In the case of Qo., the product of 


(A-R)o, and RBF, the standard error of measurement has 
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been calculated from the formula: 


(smzees )’ ob ( om(A-R)o. ’ ‘ ( omRBF ’ 
TOo: A-R)o: RBF 


where Qo, (A-R)o, and RBF refer to the respective means. 
Dividing by three expresses 7mQo, in cc./100 grams/min. 

Standard errors of measurement thus calculated for the 
various specific renal functions are shown in Table I. The 
standard error of measurement of the difference, amd, of 
each experimental value from its own control value was 
calculated according to the formula omd 





equals 
Vom%e + ome where omc and ome are the standard errors 
of measurement of the control and experimental values 
respectively. Each difference was then divided by its 
standard error of measurement and the resulting ‘‘t’’ value 
evaluated for significance at the 5 per cent level. 

The significance of the means of the differences between 
control and experimental observations for all subjects 
taken together within each of the three test groups was 
evaluated by the usual ‘‘t’’ test. 


RESULTS® 


The data are given in Table II. None of the 
test procedures used resulted in consistent 
measurable changes in either (A-R)o, or Qo, and 
in only a single instance, Qo, in patient 6, was 
the change significantly greater than might be 
expected on the basis of the error of the method. 
If one disregards patients 1, 4, and 6 there was 
no change in (A-R)o, greater than 0.4 vol. per 
cent or in Qo, greater than 1.4 cc./100 grams/ 
min. Thus on a statistical basis no t value 
would have been greater than 0.7. Likewise 
the mean differences are not statistically signifi- 
cant. Glomerular filtration rate as estimated by 


TABLE I 


Statistical basts for evaluation 











Standard error of measure- 
ment when n equals 
Specific renal function 





GFR cc./min. 
Mannitol clearance 
Creatinine clearance 

RBF cc./min. 

(A-R)o, vols. per cent 

Qo, cc./100 grams/min. 
Single (A-R)o, X mean of n 

RBF 


Rg 
Mean of 2 (A-R)o, X mean 
of n RBF 














5 Following the presentation of these data in abstract 
form, Bucht, Werk6é, and Josephson have reported similar 
results associated with tubular saturation with PAH (26). 
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endogenous creatinine increased significantly 
with water diuresis. At the onset of water 
diuresis, usually, for a single urine collection 
period, some of the subjects showed a transient 
increase in RBF (persistent in patient 8) which 
may have been due to hyperemia but may also 
possibly have been due to washout of PAH 
contained in the urinary dead space as the rate of 
diuresis increased. Such periods were not in- 
cluded in experimental averages and (A-R)o, 
measurements were not made at times when it 
was anticipated that this change would occur, so 
as to avoid any possible effect on Qo, of hemo- 
dynamic changes per se, real or apparent, in 
contradistinction to effect on Qo, of changes in 
renal tubular functional activity. 

The mean renal arterio-venous differences of 
the 15 subjects calculated from control observa- 
tions only was 1.43 vols. per cent with a standard 
deviation of 0.39 and a standard error of the 
mean of 0.10. The mean renal oxygen con- 
sumption was 6.24 cc./100 grams/min. with a 
standard deviation of 2.07 and standard error 
of the mean of 0.54. These values are in good 
agreement with those of other workers for the 
metabolism of the normal kidney (14, 15, 27). 


DISCUSSION 


These data indicate that, if changes in renal 
oxygen consumption occurred under the condi- 
tions of these experiments, such changes were 
masked by the error of measurement. While 
these measurements will detect only relatively 
large changes, they would be quite adequate to 
detect such changes as may occur in the body as 
a whole during exercise where oxygen consump- 
tion may increase 16 fold (28). Failure to ob- 
tain such a response means either that the 
stimuli were inadequate or that the kidney uses 
most of its oxygen for something other than the 
changes in work load we induced. Since the 
kidney is never entirely at rest, it may well be 
that the differences between control and experi- 
mental conditions were really quite small with 
respect to the total energy required in the 
complex process of converting glomerular filtrate 
into urine and maintaining the functional state 
of the renal cells. A relationship between urin- 
ary function and renal oxygen consumption is 
suggested by the data of Cargill and Hickam 
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TABLE II 


Effect on renal sealed seaaeitiniit of some sone in immune activity 








Tubular* Urine 
—" | specific 
gravity 


diuresis 


cc./ men. 


| 

Rate of | 
| creatini ne 
| 


Patient 


U/P ratio 


Renal A-V 
O: difference 
{(A-R)o2] ¢ 
vols. per cent 


Renal O: 


Renal blood consumption 


flow (RBF) 
cc./min. 


Filtration 


(Qor) 
cc./min. cc./100 grams/min. 





ce]. 


cle|c| E 


n 
rate (GFR)t | 
| 


Cc | E Cc 





1. PAH saturation 





92q| - 
127 | 1900 
108 | 2000 
81 | 1310 
91 | 7649 
101| 102 | 1490 
| 





Water diuresis 





SsosS9 
cooumouw 
womans 
-OUnn 





| 


S 
pes 
~ 
in 


70 
115°" 
is7** 

98 

69 


98** 


65 
99 
116 
95 
66 


88 


1690 

1560 

1830** 
884 
923 


1177 








Mannitol diuresis 














3.1 
4.4 
6.3 
7.8 
4.6 
>. 


2 











Grand mean | 








AG 
by 
9 
8 
4 
6 


6.64 





6.24 





2.07 


0.10 0.54 























* Calculated 43 Tmean formula T = UV — 0.83 GFR X Ppan, where T = 


excretion of PAH, G 


tubular 4 a. of PAH, UV = urinary 


FR = glomerular filtration rate, Ppan = plasma concentration of PA 


¢t Mannitol clearance in I, endogenous creatinine clearance in II and III 


t Corrected to equal he emoglobin concentrations. 
Te = control, E = experimental determination. 


|| Values not obtained due to technical difficulties, experimental value of RBF used to calculate Qo, since variability 


of (A-R)o, is much greater than that of RBF. 
{| Single determination, all others average of 2 or 3. 
** Statistically significant change from control value. 


15) who found a significant correlation between 
glomerular filtration rate and renal oxygen con- 
sumption. Their studies, however, included ob- 
servations on patients with renal disease where, 
as the authors point out, metabolic properties 
may be altered. Hayman and Schmidt in 1928 
(5) and Van Slyke and his associates in 1934 (8), 
on the basis of data in animals similar to these 
in humans, postulated that the bulk of energy 
resulting from renal oxygen consumption is ex- 
pended for something other than external work. 


Rapoport and his colleagues have determined 
that calculated renal osmotic work can be in- 
creased by solute loading up to a maximum 
value of about 4.0 calories/min./1.73 square 
meters (3). On this basis, since 1 cc. of oxygen 
is approximately equivalent to 5 calories (only 
minor errors would be introduced by varying 
R. Q.), a change from resting state to one of 
maximal osmotic work should cause an increase 
in Qo, of roughly 0.3 cc./100 grams/min., or only 
5 per cent of our mean value for oxygen con- 
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sumption of the human kidney. As these au- 
thors have pointed out (29), one may question 
the physiologic significance of such thermo- 
dynamic calculations since they consider orily 
the overall osmolar gradient between plasma and 
bladder urine, and processes such as glucose re- 
absorption, which might require considerable 
energy expenditure, are not represented as net 
work, since they are balanced by water reabsorp- 
tion with no osmolar change in tubular urine. 

Nevertheless, the fact that in vitro determina- 
tions of renal oxygen consumption where no 
urine is being formed (30, 31), when recalculated 
into the same units as our data, give results of, 
comparable magnitude also supports the concept 
that most of the oxygen used by the kidney is 
not used for external work. 

Thus the metabolic state of the kidney might 
be regarded as one of dynamic equilibrium in an 
open-ended system as recently discussed by von 
Bertalanffy (32). In such a system the bulk of 
energy is expended to maintain the steady state 
which enables work to be done, and external 
functional processes, such as urine formation, 
could be accomplished with little added energy 
beyond the basic needs of the organ. 

Applied to the clinical level, if it be true that 
the great bulk of renal metabolism goes on more 
or less independently of osmotic work being done, 
such a concept might suggest that whatever may 
be the value of special diets in the treatment of 
renal disease, such value is not dependent on 
“resting the kidney” by decreasing solute load. 


SUMMARY 


1. By means of clearance techniques with 
renal vein catheterization renal oxygen con- 
sumption has been measured in unanesthetized 
man before and during (a) saturation of the 
tubular transport mechanism for PAH, (0) 
water diuresis, and (c) osmotic diuresis induced 
by mannitol. 

2. The mean renal oxygen consumption in 15 
subjects was 6.24 cc./100 grams/min. with a 
standard deviation of 2.07 and a standard error 
of the mean of 0.54. 

3. The mean renal arterio-venous oxygen 
difference was 1.43 vols. per cent with a standard 
deviation of 0.39 and a standard error of the 
mean ef 0.10. 
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4. These values are in reasonably close agree- 
ment with im vitro work. 

5. There was no statistically significant change 
in renal oxygen consumption between the control 
and test measurements. 

6. These data suggest that the bulk of oxygen 
consumed by the kidney is used for purposes not 
measurable by external work. 

7. The data suggest that any beneficial results 
of special diets in renal disease do not result from 
resting the kidney by decreasing the oxygen 
requirement as a result of diminution of external 
work. 
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INTRODUCTION 


Since the volume of body water is maintained 
within reasonable limits and the kidneys play 
a dominant role in this regulation, it is implicit 
that the existence of an abnormal volume is some- 
In turn, some | 


how transmitted to the kidney. 


renal mechanism must be stimulated to alter the 


volume and composition of the urine in a manner 
that will tend to correct the abnormality. There 
may be volume receptors as such or the responsive 
mechanism may be stimulated by some function of 
an abnormal volume. The one compartment of 
body water whose volume is most readily altered 
by changes in the others and whose constancy is 
most important for a host of physiologic processes 
is the circulating plasma. It is, therefore, impor- 
tant to learn what alterations in renal function are 
associated with changes in plasma volume and in 
what manner these responses may be modified. 

The volume of the plasma can be increased with- 
out alterations in the volumes of the other com- 
partments of fluid by the infusion of a solution 
identical with plasma both with respect to filtrable 
constituents and colloid osmotic pressure. Solu- 
tions of gelatin, acacia, plasma, and albumin have 
been used therapeutically with success for this pur- 
pose. The infusion of a 25% or 10% solution of 


1Serum albumin used in this study was prepared by 
the American Red Cross from blood of volunteer donors. 
The conclusions are those of the authors and do not neces- 
sarily reflect the policy of the American Red Cross. 
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Heart Institute, U. S. Public Health Service, and Con- 
tract V1001 M-1450 of the Veterans Administration. 

3 Work done in part during the tenure of a Post-doc- 
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4Work done in part while a Fellow of the Dazian 
Foundation for Medical Research, and during the tenure 
of a Life Insurance Medical Research Fellowship. 
~ 5 Present address: National Heart Institute, U. S. Pub- 
lic Health Service, Bethesda, Md. 


albumin will expand the volume of the plasma at 
the expense of the interstitial fluid because such a 
solution is hyperoncotic with respect to the plasma 
of the recipient. Thus, by varying the concentra- 
tion of the solution of albumin infused, an in- 
crease in plasma volume with or without a change 
in the interstitial fluid volume can be achieved. 

Many investigators have studied this problem in 
the experimental animal and in man with conflict- 
ing results (1-5). This investigation is an attempt 
to study the alterations in the metabolism and ex- 
cretion of electrolytes and water promoted by ex- 
pansion of the plasma volume with hyper- and iso- 
oncotic solutions of purified salt-poor human al- 
bumin. 


EXPERIMENTAL PROCEDURE AND METHODS 


The experimental subjects in this study were two 
healthy physicians (J. O. and L. G. W.), one patient 
with well-controlled Addison’s disease (R.N.), and four 
patients (B., B. B., S., and A.) with minor diseases un- 
related to the cardiovascular-renal systems. Food and 
water were restricted for a period of 10 to 14 hours 
prior to each experiment except in L. G. W. 12-11-48 
when fluids as such were restricted for 48 hours. Each 
experiment was conducted with the subject in the re- 
cumbent position, either on a couch or in bed, and was 
of six hours’ duration except as indicated. The experi- 
ments were divided into three major periods: pre-infusion 
control, infusion, and post-infusion. All urines were 
voided specimens. Samples of blood were collected under 
oil at the end of each period. 

All of the experiments except those noted in the tables 
as “evening studies” (L. G. W. 10-25-48 and J. O. 2-1-49) 
were started at about 8 A.M. The “evening studies” were 
started at 6 P.M. after abstention from food and water for 
10 hours. 

No water was ingested during any of the studies where 
4%, 5%, 6%, and 10% solutions of albumin were in- 
fused, and in the experiments where 2,500 cc. of saline 
were infused prior to the administration of 25% salt- 
poor albumin. In all the other experiments in which a 
25% solution of albumin was administered (except L. 
G. W. 12-11-48) water was ingested at the rate of 100 cc. 
an hour. 
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The control studies were designed to mimic the experi- 
ments under consideration in all details except for the 
protein in the infusion fluid. The concentration of sodium 
and chloride in 23% salt-poor human albumin is 157 and 
20 mEq./L respectively, and the water content is approxi- 
mately 80%. The control infusion for 400 cc. of 25% salt- 
poor human albumin was, therefore, 325 cc. of an aqueous 
solution containing the same amount of sodium and chlo- 
ride using appropriate amounts of NaCl and NaHCoO,. 
The control infusion for 1,000 cc. of 10% 
saline was 1,000 cc. of normal saline. 


albumin in 
An equal volume of 
5% glucose was used to control the experiment with 4% 
albumin in 5% glucose, and an equal volume of normal sa- 
line was used to control the studies with 4%, 5%, and 
6% albumin in normal saline. Water was ingested at the 
rate of 100 cc. an hour when this had prevailed in the 
experiment for which the control study was performed. 
In the other control studies no water was ingested. 

The chemical methods and calculations have been de- 
scribed in previous publications from this department (6- 
9). In the calculations the value for the initial volume 
of extracellular fluid (chloride space) was assumed to 
be 20% of the body weight. The initial plasma volume 
was assumed to be 5% of the body weight. The value 
for total milli-osmols in the urine was calculated from 
the equation: 2(Na+K) + urea. The percentage change 
in plasma volume, PV:/PVi, was calculated from the 
Habs J 1 = Hkts 9, 

Hgbe +: 1 — Hkt; 

In all the experiments, except L. G. 

10-25-48 and J. O. 10-20-48, the concentration of creati- 


nine in the serum was determined and the clearance of 


formula: 


W. 10-18 and 


— UV 
creatinine was calculated from the formula =< 


three experiments, cited above, only the excretion of 


In the 


creatinine was determined and the concentration of creati- 
nine in the serum was assumed to be constant at 1 mgm.% 
for the purpose of calculating the clearance of creatinine. 
i. UV 

Urea clearances were calculated from the formula, oe 2 
regardless of the rate of urine flow. 


RESULTS 


The infusion of 50 or 100 gm. of a hyperoncotic 
solution (25% or 10%) of albumin was invariably 
associated with an increase in the concentration and 
total circulating quantity of serum albumin and 
an enlarged plasma volume (Table I). There was 
a reciprocal fall in the concentration of serum glob- 
ulin with a small and inconstant increase in total 
circulating globulin. Since there were no signifi- 
cant changes in the volume of the extracellular 
fluid, the increase in plasma volume was associated 
with a reciprocal fall in the volume of the inter- 
stitial fluid. 
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The calculated increase in total circulating albu- 
min agreed quite closely with the quantity injected 
in six of nine studies. The discrepancies probably 
represent the compounding of errors inherent in 
the determinations involved. The percentage in- 
crease in plasma volume varied from 20% to 51%, 
but was not necessarily related to the quantity of 
albumin injected. The increase in plasma _vol- 
ume per gram of albumin infused was greater when 
the protein was administered in less concentrated 
solutions (Tables I and IT). 
plasma volume expressed as cubic centimeters per 
gram of albumin infused varied from 7.95 to 18.2 
cc. with an average of 13.2 cc. when hyperoncotic 
solutions were infused, and from 10.2 to 28.8 cc. 


The increase in 


with an average of 18.9 cc. when hypo- or iso- 
oncotic solutions were administered. Infusions of 
hyperoncotic solutions of albumin after prior ex- 
pansion of the extracellular space with 21% liters 
of normal saline were associated with an increase 
in plasma volume of 11.6 cc. per gm. There were 
no consistent significant changes in the size of the 
red cells as indicated by the values for Hgb/Hkt. 

Infusions of hyperoncotic (25% or 10%) solu- 
tions of albumin in the experiments conducted in 
the morning (Table III) were associated with no 
consistent change in the clearance of endogenous 
creatinine. The infusions were associated with 
no change or a fall in the rates of excretion of 
sodium and chloride when compared to the pre- 
infusion control periods. There were no instances 
where the rate of excretion of either of these two 
ions was augmented. In contrast, in the control 
study for L. G. W. 10-18-48, where the infusion 
had the same volume of water and content of so- 
dium and chloride as the 25% solution of albumin, 
the rates of excretion of sodium and chloride were 
distinctly increased. This same difference in the 
response to a non-colloid solution of equal volume 
and salt content as compared to an infusion of a 
10% solution of albumin in normal saline is evi- 
dent by inspecting the results in experiment J. O. 
1-849 and its control (Table III). 

It is more difficult to analyze the response in the 
rate of excretion of water associated with the ad- 
ministration of a 25% solution of albumin, since in 
all but one of these studies water was ingested at a 
rate of 100 cc./hr., which would be expected to in- 
crease the rate of flow of urine. In the experiment 
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TABLE I 


The effect of hyperoncotic solutions of albumin on the serum proteins and the volumes of the plasma and interstitial fluids 








Conc. in serum 
A Total 
circul. 
globulin 


A PV 
per gm. 
albumin 


A Total 
circul. 
albumin 


Intra- 
venous 
albumin 


PV: 





4 
Hgb Vy 
Total - 


Albu- | Globu- 
protein 1 


min in 





> | em. % 





gm. % | gm. %| gm. % liters 


4.15 
5.17 
5.06 
4.90 


2.25 
2.07 
2.15 
2.31 
2.42 


1.97 
1.86 


2.55 
2.10 


6.40 
7.24 
7.21 
7.21 


6.87 


7.91 
7.62 


4.45 


5.94 
5.76 


4.52 


6.10 
5.82 


L. G. W. 7.07 
10-25-48 

Evening study 8.20 

25% j 7.70 


7.43 


8.45 
8.15 


L. G. W. 4.27 | 3.16 
12-11-48 
Dehydrated 

Oo 


%7/0 


6.29 
5.92 


4.59 
5.15 


5.17 
4.61 


6.86 
7.06 


7.17 
6.81 


8.24 
8.17 


6.75 


7.46 
7.46 


7.58 
7.97 


j.o. 
10-15-48 
5% 


6.23 
6.06 


4.35 


5.34 
5.40 


4.77 


5.89 
5.95 


3.77 


4.95 
5.18 


Evening study 
25% ] 7.82 


R.N. 7.64 
1-13-49 

25% 8.08 
IV 7.79 




















1.88 





15. 
— 0.870 


—1.110 
—0.760 


























* Period of infusion. 


L. G. W. 10-18 and its control (Table III) the 
rates of excretion of water do not differ signifi- 
cantly. In the one study where a 25% solution 
of albumin was injected and no water was taken 
by mouth (L. G. W. 12-11-48) there was a de- 
crease in the rate of excretion of water in the post- 
infusion period. Comparison of the rates of ex- 
cretion of water in the experiments J. O. 1-849 
and its control reveals that the hyperoncotic solu- 
tion of albumin (10%) provoked a mild anti- 
diuretic response. It should be noted, however, 


that this antidiuresis was associated with a decrease 
in the concentration of total milliosmols in the 
urine. These responses with respect to the rates 
of excretion of sodium and water associated with 
infusions of hyperoncotic solutions of albumin in 
normal subjects are in striking contrast to the re- 
sponses in patients with the nephrotic syndrome 
and toxemias of pregnancy (10-13). 

Two subjects (Table IV) were given an in- 
fusion of 100 cc. (50 gm.) of 25% albumin after 
the extracellular space had been expanded with 
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2,500 cc. of normal saline. These studies were 
controlled by the administration of 200 cc. of nor- 
mal saline in lieu of the albumin solution after the 
initial expansion of the extracellular space. De- 
spite prior expansion of the volume of extracellular 
fluid, the infusion of a solution of 25% albumin 
did not promote an increase in the rates of excre- 
tion of sodium or water. On the contrary, the al- 
bumin infusion clearly retarded the rate of excre- 
tion of sodium, chloride, potassium, and water in 
subject B. B. 

Infusions of hyperoncotic solutions of albumin 
at night were associated with a somewhat different 
response than those observed during the morning 
(Table V). The rates of excretion of sodium and 
chloride in the control period are distinctly lower 
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than they were in the comparable period in the 
morning. The infusion of 100 gm. of 25% al- 
bumin in both subjects and the control infusion 
were each followed by a slight increase in the rate 
of excretion of sodium and a decrease in the rates 
of excretion of both chloride and potassium. Ex- 
amination of the rates of excretion of water in ex- 
periment J. O. 2-1-49 and its control reveals no 
significant difference. 

The responses provoked by infusions of iso- 
and hypo-oncotic solutions of albumin are in 
striking contrast to the foregoing (Table VI). In- 
fusions of 2,280 cc. of 4%, 5%, and 6% solutions 
of albumin in saline, and 1,825 cc. of a 4% solution 
of albumin in 5% glucose promote a striking in- 
crease in the rate of excretion of water. This di- 


TABLE II 


The effect of hypo- and iso-oncotic solutions of albumin on the serum proteins and the volumes 


of the plasma and 


interstitial fluid 








Conc. in serum 
Intra- 





venous 
albumin Albu- 


min 


Globu- 
lin 


Total 
protein 


4 PV 
per gm. 
albumin 


4 Total 
circul. 
globulin 


4 Total 
circul. 
albumin 





gm. % 


3.78 


4.77 
4.29 


am. % 
6.93 


gm. % 


3.15 


2.42 
3.08 


7.19 
7.37 
6.87 | 4.36 | 2.51 
7.54 
7.15 


5.26 
5.09 


2.28 
2.06 


7.26 | 4.86 | 2.40 


6.34 
5.84 


4.25 


1.63 
1.82 


2.92 


4% 


4.83 
5.05 


2.55 
2.46 


5.0. 
2-10-49 
Control for 
J. O. 1-22-49 


IV 















































* Period of infusion. 
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TABLE III 


The effect of infusion of hyperoncotic solutions of albumin on the concentrations of extracellular electrolytes, 
clearances, and rates of excretion of water and solutes in the urine 








Extracell. HzO 


Rates of excretion in urine Clearances 





Study 
cl 


Na K Urea Creatin.| Urea 





L. G. W. 115 
10-11-48 113 
25%—S0 gm. [ 114 


L. G. W. 115 
10-18-48 
25%—100 gm. 111 
i 111 


L. G. W. 
Control for 
10-18-48 


L. G. W. 
12-11-48 
25%—100 gm. 
Dehydrated 


j.O. 
10-15-48 
25%—5S0 gm. 


J.O 
10-20-48 
25%—100 gm. 


jJ.O 
1-8-49 
10%—100 gm. 


jJ.o 
Control for 
1-8-49 


R.N. 
1-13-49 
25%—100 gm. | III 
IV 




















mEq/1° cc./min. | cc./ min. 
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* Period of infusion. 


uresis of water occurred during the second hour 
of the infusion period and was always distinctly 
larger than the rate of excretion of water in the 
comparable period of the control study. This di- 
uresis was not associated with a significant increase 
in the clearance of endogenous creatinine. Al- 
though the rates of excretion of sodium and chlo- 
ride are also increased, they do not differ signifi- 
cantly from the rates of excretion of these ions in 
comparable periods of the control studies. The 


rate of excretion of potassium was increased when 
saline was the diluent for the albumin. The diu- 
resis of water was not dependent on a decrease in 
the concentration of sodium in the extracellular 
water since it occurred with both 5% glucose and 
normal saline as the diluent. ; 

In the post-infusion period there was a decrease 
in the rate of excretion of water and salt. This 
may be related to the fact that the large loss of wa- 
ter in the urine causes an increase in the concen- 
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TABLE IV 


The effect of infusion of hyperoncotic solutions of albumin en the concentrations of extracellular electrolytes, clearances, and 
rates of excretion of water and solutes in the urine in normal subjects with expanded extracellular volumes 


Study Period 


Conc. in extracell. H2O0 


= 
Rates of excretion in urine Clearance 





Duration 


5%—50 gm. 


B. B. 
Control for 
2-13-50 


10° 





62 
117* 

56t 

63 
118 


A. } 
12-14-49 } 
25%—50 gm. 


| 
A. | 68 
Controlfor | 119* 
12-14-49 | Ill 54t 
| 





Iv | 68 
V | 119 











Na 
mEq/1I° cc./min. 
17.3 5. 3) 99 
43.3 7 93.6 
63.9 : 97.8 
37.3 35. é 86 
102 


Creatinine 











— ee 
ei a) 
Rew okhe 
HO OH OO oo 
oun Mb 
WARDEN 


© 
mane 


ama 
oo 
Nm 


113 
100.9 


_ 

w 

co 

an 
MAMMA 
NNwewHuw 
AwcanAwmsr 











* Period of infusion of 2,500 cc. normal saline. 
¢ Period of infusion of 200 cc. 25% albumin. 
t Period of infusion of 200 cc. normal saline. 


tration of proteins in the serum similar to that ob- 
served with infusions of hyperoncotic solutions of 
albumin. 

Infusions of 1,500 cc. of a 4% solution of albu- 
min in saline containing 200 milli-units of a pos- 
terior pituitary preparation were unassociated 
with a diuresis of water, or any significant altera- 
tion in the rate of excretion of sodium, chloride, or 
potassium (Table VII). 


DISCUSSION 


A review of the previous investigations on the 
alterations induced in the composition and rate of 
flow of urine promoted by increasing the volume 
of the plasma reveals many seemingly conflicting 
results. Knowlton (1) and Podhradszky (14) 
reported a diminished rate of flow of urine with in- 
fusions of solutions of colloid in contrast to saline 
in rabbits and dogs. However, Metcalf (15) and 
Orloff and Blake (16) reported an increase in the 
rate of excretion of water in dogs in response to 
infusions of plasma and concentrated human serum 
albumin. - 


Reports of the responses of the normal human 
subject to infusions of 25% salt-poor human albu- 
min are also at variance. Goodyer, Peterson, and 
Relman (17) observed a reduction in the rate of 
excretion of water, sodium, and chloride with no 
significant change in the clearance of mannitol. 
More recently, Elkinton and his associates (2) 
described an increased rate of excretion of sodium 
in normal subjects with similar infusions. They 
also found no changes in the rate of glomerular 
filtration as measured by the clearance of mannitol, 
Cargill (3) in- 
fused normal hypertensive and nephritic subjects 
rapidly with 25% 


inulin, or endogenous creatinine. 


albumin and reported an in- 
crease in the clearance of inulin and PAH. It is 
impossible, at this time, to reconcile these conflict- 
ing results. 

There may be less variability in the reported re- 
sponses to iso-oncotic expansion of the plasma 
volume. Eggleton, Pappenheimer and Winton 
(4) compared the diuretic response in anesthetized 
dogs to an increase of glomerular filtration brought 
about by a 5 mm. Hg increase in capillary pressure, 
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TABLE V 


The effect of infusion of hyperoncotic solutions of albumin at night on the concentrations of extracellular electrolytes, 
clearances, and rates of excretion of water and solutes in the urine 








Conc. in extracell. H2O Rates of excretion in urine Clearances 





Study Period 


, | 
Na cl K N cl K Urea ma | Creatin. | Urea 


mEq/I° mM/1° | mM/I° | cc./min. | cc./min. 
4.3 : 15.1 27.7 121 52.5 
; 34.3 122 52.6 
41.6 120 60.3 
31.6 106 57.6 








> 
> 


L. G. W. 143 
10-25-48 
25%—100 gm. 


27.9 
34.2 
33.6 
24.4 


J. 0. 
2-1-49 
25%—100 gm. 


PAE FAN 
mao 0 Oe Oo 


Control for 
2-1-49 
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TABLE VI 


The effect of infusion of hypo- and iso-oncotic solutions of albumin on the concentrations of extracellular electrolytes, 
clearances, and rates of excretion of water and solutes in the urine 








Conc. in extracell. H20 Rates of excretion in urine Clearances 





Study Period “ae | 
Na K Na Cl K Urea 


mOem. Creatin. 


mEq/L mEq/1° | mEq/1° | mEq/1° | mM/1° | mM/1° | cc./min. 

L. G. W. 2 146 4.4 10.3 13.4 15.0 44.0} 122.1 
1-12-49 20.8 22.9 19.3 80.7 | 128 

4% albumin 148 4.4 41.4 39.2 17.0 | 120.6 | 124.5 

in saline 150 4.4 31.2 33.7 14.4 92.0} 115.5 
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* Period of infusion. 
Total volume of infusions—L. G. W.: 2,280 cc.; J. O.: 1,875 cc. 
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TABLE VII 


The effect of infusion of hypo-oncotic solutions of albumin on the concentrations of extracellular electrolytes, clearances, and 


rates of excretion of water and solutes in the urine under the influence of exogenous posterior pituitary hormone 








Conc. in extracell. HzO 


Rates of excretion in urine Clearance 





: Dura- 
Period lon 


K 





mEq/L 

117 4.0 
54 
56 


116 3.8 


116t 
60 
57 
4 57* 


6-5-50 61* 
61 


Control for 
6-5-50 





55 i 





61t | 
60t 
ill 65 | 

IV | s1 | | 











Control for 
6-5-50 





| 


| 241 | 265 | 268 | 


Total 
mOsm. 


H:0 Na Creatinine 


cc./1° mEq/1° 
79.2 
53.3 
48.2 


cc./min. 
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103 
85 
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* Period of infusion of 1,500 cc. 4% albumin in normal saline with 200 milli-units post. pituitary hormone. 
: “re ; ; aoe ane pombe ) 
t Period of infusion of 1,500 cc. normal saline with 200 milli-units post. pituitary hormone. 


and the equivalent increase in filtration induced by 
lowering the colloid osmotic pressure of the plasma. 
The infusion necessary to reduce the colloid os- 
motic pressure, of course, also increased the vol- 
ume of the plasma and interstitial fluid. The diu- 
resis induced by dilution was 15 times as great as 
that induced by the equivalent change in capillary 
pressure. They concluded that the dilution pro- 
moted specific changes in renal tubular function 
resulting in a decreased reabsorption of water. 
Wilson and Harrison (5) studied the effects of 
rapid infusions of 900-1,955 cc. of reconstituted 
human plasma in normal subjects. They observed 
an increase in the clearances of PAH and creati- 
nine and a diuresis of water. The clearance of 
creatinine can hardly serve as a measure of the rate 
of glomerular filtration in this study since plasma 
levels were increased to 12-20 mgm.% by injec- 
tion of this substance. Despite this, in three sub- 
jects to whom the infusions were administered 
more slowly (1.e., 22.5-30 cc./min.) there was a 
diuresis of water in two with no alteration in the 
clearance of creatinine. 

It is clear that the manner in which the volume 
of the plasma is increased and other more subtle 
variations may condition the response to this al- 
teration in terms of the rates of excretion of water 
and electrolytes. In the present study there was a 


decrease in the rate of excretion of sodium, and 
sometimes water, in normal subjects when the 
plasma volume was expanded with concentrated 
solutions of albumin. These changes were not re- 
lated to alterations in the rate of glomerular filtra- 
tion as measured by the clearance of endogenous 
creatinine. An in the volume of the 
plasma achieved in this manner is, of course, as- 
sociated with a contraction of the interstitial fluid 
volume and a rise in the colloid osmotic pressure 
of the plasma. In contrast to normal subjects, pa- 
tients with the edema of the nephrotic syndrome 
(10-13) respond with increased rates of excretion 
of water and salt with this type of infusion despite 
the same changes in plasma volume, colloid os- 
motic pressure, and decrease in the volume of the 
interstitial fluid. There are, to be sure, quantita- 
tive differences in these alterations in the two 
groups. The volume of the interstitial fluid is 
contracted to an even greater extent and the in- 
crease in colloid: osmotic pressure of the plasma is 
thereby mitigated in the edematous subjects. This 
is clearly demonstrated by comparing the increases 
in plasma volume expressed as cubic centimeters 
of plasma volume increase per gram of albumin 
infused in the two groups of subjects. The average 
increase was 20.6 cc. in the edematous patients 
(13), 13.2 cc. in the present study, and 9 cc. in the 


increase 
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studies of Goodyer, Peterson, and Relman (17). 
Prior expansion of the extracellular volume with 
physiological saline in normal subjects did not 
modify the responses to infusions of hyperoncotic 
solutions of albumin; in these studies the average 
increase in plasma volume was 11.6 cc. per gm. 
of infused albumin. It seems unlikely, therefore, 
that the volume of the interstitial fluid per se in- 
fluences the rates of excretion of sodium or water. 

The question must be seriously raised as to 
whether a rise in plasma colloid osmotic pressure 
may be a stimulus for an increase in the reabsorp- 
tion of salt and water by the renal tubules. Under 
ordinary circumstances an increase in the colloid 
osmotic pressure of the plasma is a reflection of de- 
hydration associated with hemoconcentration. 
Greiner and Podhradszky (18) have suggested that 
a rise in plasma colloid pressure might activate the 
osmoreceptor mechanism of the supra-opticohy- 
pophyseal system. However, it is quite likely that 
the receptor organ for the posterior pituitary gland 
lies in an extravascular position. Moreover, if it 
were within the vascular tree it would be difficult 
to conceive that the minor contribution to a change 
in total osmotic pressure afforded by small vari- 
ations in protein concentration could significantly 
influence this receptor. In addition, an antidiuresis 
does not always follow an infusion of a hyperon- 
cotic solution of albumin, and when it does there is 
a reduction in the total milli-osmolar concentration 
of the urine. This is quite unlike what is observed 
with the antidiuresis promoted by the hormone 
of the posterior pituitary gland (19). 

It is intriguing to speculate that a receptor or- 
gan lying within the vascular tree with the same 
characteristics of permeability as the endothelium 
could be specifically stimulated by the colloid 
(oncotic) pressure. Such an organ might be 
termed an onco-receptor. If the response to stimu- 
lation of such a mechanism were an increased reab- 
sorption of sodium by the renal tubules, an in- 
creased reabsorption of water might follow as a 
consequence. 

The retention of sodium and chloride associated 
with infusions of concentrated albumin appears not 
to be mediated through the action of the adrenal 
cortex. Subject R.N. is a patient with Addison’s 
disease of 12 years’ standing. He did not respond 
with an eosinopenia nor an increase in the excre- 
tion of 17-ketosteroids in the urine following large 


doses of ACTH. An infusion of 25% albumin was 
associated with a distinct decrease in the rates of 
excretion of sodium and chloride in this patient 
(Table IIT). 

There was no decrease in the rates of excretion 
of sodium associated with the infusion in normal 
subjects of hyperoncotic solutions of albumin in 
the evening studies (Table V). The rates of ex- 
cretion of sodium and chloride in the control period 
were lower in the evening than in the morning 
studies, which is a reflection of the diurnal variation 
in mineral excretion (20, 21). There is, as yet, 
no valid explanation for the diurnal variation. 
However, this difference in response to an infu- 
sion of concentrated albumin at two different times 
of day emphasizes the importance of controlling 
this factor in studies involving the metabolism of 
electrolytes and water. 

The increase in plasma volume associated with 
infusions of hypo- and iso-oncotic solutions of al- 
bumin promoted a striking augmentation in the 
rate of excretion of water with no essential! change 
in the rates of excretion of sodium and chloride, 
when compared with the control studies. There 
is no evidence in these studies that this diuresis 
need be associated with an increase in the rate of 
glomerular filtration. Moreover, the diuresis of 
water was independent of the concentration of so- 
dium in the serum and the rate of excretion of this 
ion. The fact that there was an antidiuresis fol- 
lowing an infusion of a liter of 10% albumin mili- 
tates against the possibility that the diuresis ob- 
served with hypo- and iso-oncotic solutions of al- 
bumin is due to a dilution of circulating posterior 
pituitary antidiuretic hormone. The lack of a diu- 
resis associated with infusions of 25% and 10% 
solutions of albumin rejects the possibility that the 
albumin might inactivate pituitary antidiuretic 
hormone. 

There remain two alternative explanations. An 
expansion of the plasma volume unassociated with 
any other measured alteration may be a direct stim- 
ulus for decreased reabsorption of water by the 
renal tubules, or it may, in some manner, suppress 
the production of antidiuretic hormone by the 
posterior pituitary gland. The absence of the usual 
diuretic response to an infusion of a hypo-oncotic 
solution of albumin when exogenous posterior pitu- 
itary hormone is incorporated in the infusate is 
compatible with the latter explanation. 
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It may be possible to explain the different re- 
sponses in the excretion of water and salt to in- 
fusions of hyperoncotic solutions of albumin in the 
normal subject and the patient with the nephrotic 
syndrome. The response to expansion of the 
plasma volume per se appears to be a diuresis of 
water. However, when the expansion of the 
plasma volume is achieved in the normal subject 
with a hyperoncotic solution of albumin, the diure- 
sis of water is prevented, perhaps, by the associated 
increase in colloid osmotic pressure of the plasma 
which promotes an increased reabsorption of so- 
dium, and consequently, water. In the nephrotic, 
on the other hand, the increase in plasma volume 
is greater, the rise in colloid osmotic pressure is 
thereby mitigated, and since tubular reabsorption 
of sodium is already nearly maximal, it can not be 
enhanced. Since tubular reabsorption of sodium 
can not be increased very much, the stimulus for 
water diuresis afforded by the expanded plasma 
volume is not inhibited. 

In another investigation (13) it was demon- 
strated that the increase in the rate of excretion of 
sodium in the nephrotic associated with the infu- 
sion of a hyperoncotic solution of albumin occurred 
when the concentration of sodium in the extra- 
cellular water was increased as a consequence of 
the initial diuresis of water. The diuresis of water 
in the normal subject associated with infusion of 
an iso-oncotic solution of albumin is not followed by 
an increase in the rate of excretion of sodium. 
This may result from the fact that the large ex- 
cretion of water causes an increase in the concen- 
tration of protein in the serum. This rise in col- 
loid osmotic pressure promotes an increase in the 
tubular reabsorption of sodium and secondarily 
terminates the diuresis of water. 

The present investigations are obviously incon- 
clusive concerning the mechanisms responsible for 
the observed responses to infusions of hyper- and 
iso-oncotic solutions of albumin. Further work is in 
process in an attempt to define these mechanisms. 
The working hypotheses are that uncomplicated ex- 
pansion of the plasma volume initiates a diuresis 
of water by suppressing the activity of the posterior 
pituitary gland, and that an acute increase in the 
colloid osmotic pressure of the plasma leads to an 
increase in renal tubular reabsorption of sodium 
through some unknown mechanism. 


SUMMARY AND CONCLUSIONS 


1. The intravenous administration of hyper- 
oncotic solutions of albumin to normal human sub- 
jects in the morning results in a decreased rate of 
excretion of sodium and chloride which is some- 
times associated with a decreased rate of excretion 
of water. 

2. The decrease in rates of excretion of sodium 
and chloride is due, presumably, to an increase in 
renal tubular reabsorption of these ions, since 
there were no significant alterations in the clear- 
ance of endogenous creatinine. This increase in 
renal tubular reabsorption of salt is apparently 
not mediated via the adrenal cortex, since it was 
clearly observed in a subject with well validated 
Addison’s disease. 

3. The increase in plasma volume resulting from 
infusions of hyperoncotic solutions of albumin is 
derived from the interstitial fluid. However, the 
magnitude of the increase in plasma volume is not 
sufficient to prevent a significant increase in the 
concentration of albumin in the serum. The re- 
sultant increase in colloid osmotic pressure of the 
plasma may be the stimulus that promotes the in- 
creased reabsorption of sodium and chloride. An 
increase in oncotic pressure could be an effective 
stimulus if there were an onco-receptor which re- 
sided within the vascular tree. 

4. These phenomena are not observed when the 
infusions of hyperoncotic solutions of albumin are 
administered in the evening. The differences be- 
tween the morning and evening studies may be re- 
lated to the diurnal variation in the rates of excre- 
tion of water and electrolytes. The modifying 
influence of the time of day on these experiments 
emphasizes the importance of considering the vari- 
ous circumstances that may condition a response 
with respect to the metabolism of electrolytes and 
water. 

5. Experimentally induced expansion of the 
extracellular volume by approximately 2 liters 
does not modify the responses to the infusion of a 
hyperoncotic solution of albumin. 

6. Infusion of iso- and hypo-oncotic solutions 
of albumin promotes a striking diuresis of water 
with no alteration in the rate of excretion of salt 
or clearance of endogenous creatinine. This di- 
uresis appears to be due to a decreased reabsorp- 
tion of water in the renal tubule. It is suggested 
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that simple iso-oncotic expansion of the plasma 
volume suppresses the secretion of the posterior 
pituitary antidiuretic hormone. 
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INTRODUCTION 


The status of the serum proteins both in health 
and disease has been extensively studied in the 
hope that data might be assembled which would 
contribute to knowledge of the ‘pathogenesis of 
many diseases, aid in the classification of the meta- 
bolic alterations induced by pathological states, be 
of use in early diagnosis or differential diagnosis, 
and serve as a rationale for improved supportive 
therapy (1). Ever since glutathione was isolated 
from yeast by Hopkins (2), increasing attention 
has been devoted to studies of the role played by the 
sulfhydryl group in enzyme activity (3-6), cell 
division and growth (7, 8) and protein structure 


(9-11). 


Because of the importance of its biochemical as- 
sociations, an investigation of the sulfhydryl group 
was undertaken as part of a program for the study 
of the mechanism of action of various chemical 
agents on the growth and viability of normal and 


malignant cells. Blood was selected initially for 
this study because, a) to a certain extent, it is in 
equilibrium with and reflects the status of other 
body tissues; >) it has been exhaustively studied ; 
and ¢) a uniform sample can be obtained from an 
individual. 

A preliminary study showed that the sulfhydryl 
content of the serum protein from normal indi- 
viduals was relatively constant, and the distribu- 
tion was within a narrow range. The values were 
reduced when the sera from patients suffering from 
neoplastic, infectious or metabolic diseases were 
similarly examined (12). The relationship of the 
serum protein components to their content of sulf- 
hydryl groups was then examined. The sulf- 


1 This investigation was conducted under a grant from 
the American Cancer Society to the Department of Pre- 
ventive Medicine, The Johns Hopkins University School 
of Medicine, recommended by the Committee on Growth 
of the National Research Council. 


hydryl content of normal serum, serum albumin, 
and serum globulin was determined with respect 
to the total nitrogen and peptide content of these 
fractions (13). These determinations revealed 
that normal serum and its fractions could be dis- 
tinguished by characteristic relationships between 
the sulfhydryl group and the total nitrogen or 
the number of peptide bonds in the proteins. The 
present report will describe similar observations 
on sera from patients with various diseases. 


METHODS AND MATERIALS 


The details for obtaining the serum sample, storage, 
fractionation, nitrogen analysis, biuret analysis, sulfhydryl 
determination and calculations have been published (13). 
In summary, the procedures employed were: 


1. Blood was obtained from patients in the fasting state 
and the serum carefully separated to avoid hemolysis. 
The serum was either examined in the fresh state soon 
thereafter or stored at minus 78°C until analyzed. 

2. The serum was fractionated according to the method 
of Pillemer and Hutchinson (14). 

3. The protein content of the serum and the albumin 
and globulin components were determined by the Kjeldahl 
nitrogen and biuret methods. The term D, when employed, 
refers to the optical density in the biuret method. Elec- 
trophoretic analyses were also performed in veronal buf- 
fer pH 8.6, 0.1 ionic strength, employing a modified Longs- 
worth apparatus. The descending mobility was routinely 
employed except as noted with individua! sera. Com- 
ponents migrating with a mobility of 2.0 to 2.5 x 10° cm’/ 
sec*/volt™ have been designated as M protein. Sera which 
contained pigment, lipid or other interfering components 
which rendered them unsuitable for electrophoretic analy- 
sis are not included. No attempt was made to remove 
these interfering substances by filtration, extraction, freez- 
ing, etc. They are designated as unsatisfactory samples 
or not done. 

4. The sulfhydryl determinations were made by am- 
perometric titration in 21% methanol solution containing 
ammonium nitrate and ammonium hydroxide as support- 
ing electrolytes. The current which flowed between a 
mercury-mercuric iodide electrode and a rotating platinum 
electrode was measured with a sensitive galvanometer. 
Duplicate determinations on individual sera showed less 
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than a 2% variation. The results are expressed as micro- 
moles of sulfhydryl (SH). One ml. of .001 N silver ni- 
trate is equivalent to 1 micromole of SH. 

The sulfhydryl content of the serum and its constitu- 
ents is expressed as follows: 


a) The sulfhydryl content of the total protein in 100 ml 
whole serum or of the albumin and globulin components 
contained in that volume. 

b) The sulfhydryl content per gram of Kjeldahl nitro- 
gen obtained employing whole serum, albumin, or globulin 
fractions. No correction was made for the serum N.P.N., 
as among the normals the latter represented approximately 
3% of the total nitrogen and, even in the abnormal states 
studied, the final values (with few exceptions) were not 
apparently influenced by such correction. 

c) The sulfhydryl content per unit of optical density 
with a biuret method. This has been utilized to character- 
ize the protein with respect to its peptide content. The 
total nitrogen determination measures peptide nitrogen, 
non-peptide amino acid nitrogen such as € amino, imidazole, 
or guanidinium nitrogen as well as the non-protein nitro- 
genous constituents of serum. The quantitative biuret de- 
termination is influenced only by the number of nitrogen 
atoms bound in peptide linkage. Human serum albumin 
has been found to contain approximately 577 peptide bonds 
per mole (15). The 586 amino acids probably exist as nine 
polypeptide chains each of which contains approximately 
65 amino acids. These polypeptide chains lie adjacent to 
each other and are bound to each other by various types 
of cross linkages, one of which presumably yields the sulf- 
hydryl group when the albumin molecule is titrated am- 
perometrically. We have found chat serum albumin from 
normal individuals contained 0.71 mole of SH per mole 
of albumin. This was believed to represent the mean re- 
sulting from the presence of a mercaptalbumin containing 
1 mole of (SH) sulfhydryl per mole of protein and an 
albumin molecule containing no amperometrically detec- 
table sulfhydryl (13). We wish to emphasize that it is 
easier to detect a quantitative change in the single sulf- 
hydryl group per albumin molecule than greater changes 
in the 577 peptide bonds. Thus, the functional significance 
of a single sulfhydryl group for enzyme activity may be 
related to the importance of this group in protein struc- 
ture (5). For these reasons, it was decided to study the 
relationship of the sulfhydryl content of the serum pro- 
teins with respect to their total nitrogen and peptide 
content. Electrophoretic analyses provide information 
with respect to the relative distribution of the recognized 
major protein components of sera. 


RESULTS 


The normal values for the serum protein sulf- 
hydryl content have been presented in detail. No 
significant difference with respect to age or sex was 
observed (13). In order to compare the data from 
patients to be described, a summary of the normal 


values is presented in Table I, The variation 
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among these normal individuals was quite small as 
indicated by the range and the standard error for 
these determinations. The results of the prelimi- 
nary survey of patients’ sera are summarized in 
Table II (12). While the sulfhydryl values dif- 
fered significantly from the normal, no differential 
characteristic for the individual groups was ap- 
parent. 

It was therefore deemed desirable to investigate 
a group of patients more intensively so as to estab- 
lish the nature of the sulfhydryl abnormalities ob- 
served. Because of individual variation in disease, 
it did not appear feasible to treat the observations 
in this series statistically. Each observation will be 
presented in detail. The data on the various 
classes of patients whose sera were subjected to 
such detailed analysis are recorded in Tables III- 


VI. 


Malignant Tumors 


In Table III, the individual determinations on 
11 patients with malignant tumors are presented. 
The diagnosis in all cases was established by bi- 
opsy, operation, and in some cases by autopsy. 
Nine of the 11 patients had evidence of carcinoma 
with multiple metastatic involvement. One pa- 
tient (No. 9) had a rhabdomyosarcoma with pul- 
monary metastases and one (No. 3) had a car- 
cinoma localized to the breast. The sera were ob- 
tained more than two months before exitus with 
the exception of the second specimen from patient 
4, dated 5/13/49, and that from patient 10, dated 
7/12/49, which were drawn within one week pre- 
ceding their death. 

As may be noted in Table III, and subsequent 
tables, the total nitrogen content of the serum pro- 
tein is a poor index of the relative concentrations of 
albumin and globulin. The total nitrogen content 
did not deviate markedly from the normal, although 
the individual albumin and globulin values were 
distinctly abnormal (col. 4). The albumin con- 
tent was below normal in the sera of all patients 
except one (patient 8, 12/12/49). The sulfhydryl 
determination on the unfractionated serum, un- 
like the total nitrogen values, was reduced in al- 
most all instances (col. 5). The two exceptions 
were serum obtained on 6/8/50 from patient 9, 
while in an A-Methopterin induced remission, and 
the serum from patient 11 with a melanocarcinoma, 
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TABLE I 


Summary of normal serum protein and sulfhydryl values 





DETERMINATION MALES FEMALES 
RANGE MEAN + 1 SE. RANGE MEAN ¢ 1 S.E. 








TOTAL W AS Gr. 
PER 100 ml SERUM 
SERUM (1.09-1.26) 1.20 R (1.13-1.24) 1.18 .01 


ALBUMIN (.64-.78) -71 R (.65-.73) e -01 
GLOBULIN (. 37-.51) 45 R (.40-.54) : -O1 
MICROMOLES SH 
PER 100 ml SERUM 
SERUM (52.0-59.0) 53.9 . (48.8-55.8) 
ALBUMIN (39.6-47.8) 44.9 . (40. 1-47.4) 
GLOBULIN (9.2-12.3) 10.9 ° (9.9-12.5) 
MICROMOLES SH 
PER GRAM N. 
SERUM (42.2-47.7) 45.1 7 (39. 3-47. 3) 
ALBUMIN (59.5-69.4) 63.6 (59.0-67.2) 
GLOBULIN (22.2-27.3) 24.6 5 (21.0-26.0) 
D* PER mg N 
SERUM (.228-.258) .263 r (.233-.261) 
ALBUMIN (.23%-.261)  .24e 3 (.231-.256) 
GLOBULIN (.254-.290) .265 ‘ ( .258- .262) 
MICROMOLES SH PER 
D* PER 100 ml 
SERUM | 
SFRUM (.164-.198) .186 J ° +203) 
ALBUMIN ; (.237-.283) .261 r F -283) 
GLOBULIN (.085-.103) .093.. -082- .098) 
ALBUMIN-GLOBULIN 
RATIO 
KJELDAHL (1.26-1.97) 1.61 .08 (1.22-1.83) 
RIURET (1.26-1.84) 1.48 07 (1.09-1.60) 


D® = OPTICAL DENSITY FOR THF BIURET (PEPTIDE) DETERMINATION 




















TABLE II 
Summary of values for serum sulfhydryl in patients with disease 








KO. OF wes SH/100 ml SERUM J MOLES SH/G. NITROGEN 
DETERMIN. & 


-" RANGE MEAN + 15S.D. RANGE MEAN # 1 S.D, 


ATIONS 
CANCER 46 25.3 - 43.6 35.4 1.9 22.1 - 35.6 31.7 4.0 


LEUKEMIA 34 20.4 - 47.0 37-7 5a os ale bos “eee 





. INFECTION 28.7 - 50.0 41.6 5.2 34.4 5.0 


DEGENERATIVE 12 24.0 - 49.6 40.7 7.8 31.8 
DISEASE 


- MISCELLANEOUS 12 8.6 - 37.5 22.3 75 a - 22.8 





CARCINOMA, SARCOMA, MELANOCARCINOMA, ETC. 
LEUKEMIA AND OTHER LYMPHOMAS. 

INFECTION INCLUDED LOBAR PNEUMONIA, ATYPICAL PNEUMONIA, TUBERCULOSIS, MENINGITIS, 
MEASLES, ETC. 

DEGENERATIVE DISEASE INCLUDES ASTHMA, DIFFUSE ARTERIOSCLEROSIS WITH HYPERTENSION, 
HYPERTROPHIC ARTERITIS, AND GOUT. 

CIRRHOSIS OF THE LIVER, CHRONIC NEPHRITIS, ACUTE LUPUS ERYTHEMATOSUS DISSEMENATA, 
HEMACHROMATOSIS, IN WHICH ABNORMAL ALBUMIN AND GLOBULIN PATTERNS WERE PRESENT. 
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These totals do not reflect the source of the sulf- 
hydryl value since the latter is a resultant of the 
albumin and globulin values. The only value for 
the albumin sulfhydryl which was in the normal 
range was that of patient 11. The further analysis 
of the albumin sulfhydryl with respect to micro- 
moles of SH per gram of nitrogen or peptide unit 
(cols. 6 and 8; Figure 12) showed that there was 
a qualitative change in the composition of the se- 
rum albumin among many of these patients with 
malignancy. Most of the values were reduced, 
three were in the normal range, and one was above 
normal. When the peptide per mg nitrogen (col. 
7) in this group was similarly examined, there 
was no distinctive abnormality noted even among 
those patients whose SH (expressed as micromoles 
per gram nitrogen [col. 6] or per peptide unit 
[col. 8] ) was low. This implied that the protein, 
with respect to its nitrogen and peptide content, 
was not significantly different from the normal. 

The globulin fraction of the serum as separated 
by the Pillemer fractionation was normal or in- 
creased in this group (col. 4). -When the SH 
per gram of globulin nitrogen was calculated, sera 
8b and 11 were high, samples 1, 4a, 7a and 9b ap- 
proximated normal and the remainder were re- 
duced in a varying degree from the normal (col. 6). 
When the SH was expressed per unit peptide, the 
sera of most patients showed a sub-normal ratio 
(col.8). The sera from two patients (8b and 11) 
showed an increased ratio while in one patient 
(No. 5), the SH, although low when expressed per 
gram of nitrogen, was normal when expressed per 
unit peptide. With the exception of one markedly 
increased value (patient 4a), the ratio of peptide 
per mg of nitrogen (col. 7) in this group was 
within the normal range. 

Electrophoretic analysis of these sera from pa- 
tients with malignancy showed no apparent cor- 
relation between the sulfhydryl values and the dis- 
tribution of the serum components. As has been 
noted in previous studies on sera from such indi- 
viduals, the albumin component was uniformly re- 
duced while the alpha globulins were usually ele- 
vated (16). 
bumin-globulin ratios obtained by the Pillemer and 


Among normal individuals, the al- 


electrophoretic procedures agreed. When these pa- 
tients’ sera were analyzed, discrepancies were found 
between the albumin-globulin ratios calculated 


EMANUEL B. SCHOENBACH, NORMAN WEISSMAN, AND ELEANOR B. ARMISTEAD 


on the basis of the Pillemer fractionation and the 
The differences between 
ratios determined by the Kjeldahl and the biuret 
method were small. Howe protein fractionation 
of these sera yielded albumin-globulin ratios which 
were all greater than 1.0 (1.5-2.0) with only one 
patient in the low range of 1.2 (Figures 1 and 2). 


electrophoretic analysis. 


Multiple Myeloma 


Eight patients with diagnosis of multiple mye- 
loma confirmed by bone marrow aspiration, biopsy 
and/or autopsy have been studied. Five were 
males and three were females. Their ages varied 
from 48 to 67 years. All had evidence of diffuse 
bone involvement on roentgen examination. 

Detailed examination of the sera obtained from 
these patients is summarized in Table IV. The 
albumin nitrogen was subnormal in all patients 
while the globulin was markedly elevated in seven 
and normal in one. ‘the sulfhydryl content of the 
serum was markedly reduced in six patients, nor- 
mal in one, and above normal in another patient 
(col. 5). The micromoles of albumin sulfhydryl 
were reduced far below normal in all and non- 
detectable in one case (col. 5). The globulin SH 
varied from subnormal to markedly increased val- 
The micromoles of SH per gram of protein 
nitrogen (col. 6) were low in the sera of all pa- 
tients. With a single exception (patient 2), the 
same was true of the albumin SH per gram of ni- 
trogen. The SH per gram of globulin nitrogen was 
reduced in six and above normal in two instances 
(Nos. 2 and 5). These same relationships were 
noted for the SH per unit of albumin and globulin 
peptide (col. 8). No characteristic change in the 
two sera with high SH values was observed when 
the peptide per mg of nitrogen of the albumin and 
globulin components was examined (col. 7). 

One serum (No. 2), with a high SH per gram 
nitrogen or per peptide unit in both albumin and 
globulin fraction, appeared to differ on this de- 
termination from the other cases in this group. 
Its electrophoretic pattern was characterized by 
an extremely low albumin content and a globulin 
fraction which contained 22% of the total protein 
as M protein and 57% as gamma globulin. How- 
ever, this electrophoretic distribution was not 
markedly different from that of other sera in this 
series, the sulfhydryl values of which were low. 


ues. 
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It is of interest to note that of seven patients 
whose sera were analyzed electrophoretically, the 
sera of four showed the presence of M protein. 
The serum of one of these four patients contained 


no gamma globulin. The sera of six of the seven 


y @ B Ag* ALB. 


% 22 16 10 6 46 
Fic. 2. Patient 11, Taste IL[I—MELANOCARCINOMA 


WITH ELEVATED SULFHYDRYL VALUES IN THE PROTEIN 
COMPONENTS ; 


(Current—15.1 milliamps., time—10,800 seconds) 
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Patient 1, Taste IV, Serum 12/8/49—Mutt1- 
PLE MYELOMA WITH M PROTEIN 


Fic. 3. 
(Current—15.1 milliamps., time—10,800 seconds) 


patients showed a high proportion of either M pro- 
tein or gamma globulin. The serum of patient 6, 
which did not show a high content of M protein or 
gamma globulin, was found to have sulfhydryl val- 
ues for albumin and globulin which were in the low 
range (Figures 3-5). 

The ratio of albumin to globulin was low in the 


v B “<p ALB. 
% 50 Chi S~ G28 


Fic. 4. Patient 3, Taste IV, Serum 3/3/50—MuLtt1- 
PLE MYELOMA WITH INCREASED GAMMA COMPONENT 
Note similarity to that of 3/6/50 in Table IV (not il- 

lustrated). (Current—15.0 milliamps., time—9,000 sec- 

onds) 
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Fic. 5. Patient 5, Taste IV, Serum 3/15/50—Muttr- 
PLE MYELOMA WITH BotH M ann GAMMA COMPONENTS 


(Current—15.1 milliamps., time—10,800 seconds) 


sera from all patients by all four methods of com- 
parison. The only possible exception-was the se- 
rum of patient 6 in which the ratio with the Howe 
method was normal. Its electrophoretic pattern 
showed a reduction in the gamma globulin, absence 
of M protein and high a, and a, globulin com- 
ponents. 

Patient 2, with multiple myeloma, had a local- 
ized tumor in a vertebra which was removed free 
of bone or other tissue at autopsy and frozen im- 
mediately. After this tumor had been ground in 
a Waring Blendor at 0°C, and extracted with 0.14 
M saline, the suspension was clarified by centri- 
fugation at 13,000 rpm at 0°C and filtered through 
a coarse sintered filter. Analysis of this extract 
showed a nitrogen content of 1.5 mg per ml. The 
sulfhydryl content of this extract was .19 micro- 
mole per ml or 127 micromoles of SH per gram 
nitrogen. The SH per peptide unit was 0.328 
micromole. This latter value equaled the value 
0.331 for micromoles of SH found in the patient's 
serum albumin. Electrophoretic analysis of this 
tumor extract showed a pattern of peaks which re- 
sembled somewhat the serum pattern in distribu- 
tion and mobility-—albumin 14%, alpha, 16%, 
alpha, 9%, M protein 4.0% and gamma globulin 
57%. The high SH per gram of nitrogen observed 
with this extract as well as the increase in the ra- 
tio of peptide to total nitrogen (0.387) probably 
reflects the presence of intracellular protein com- 


ponents whose amino acid composition differed 
from the proteins observed in serum. 


Lupus Erythematosus 


Seven patients diagnosed as suffering from lu- 
pus erythematosus disseminata were selected for 
study because of the abnormality frequently ob- 
served in the serum proteins in this disease, and 
our previous experience which had indicated that 
the total serum sulfhydryl content was markedly 
reduced in this condition. The cases selected for 
further study had shown clinical and laboratory 
observations characteristic of the disease. Five 
patients were females and two were males. Their 
ages ranged from 16 to 37. The observations on 
these patients with lupus erythematosus are sum- 
marized in Table V. The serum proteins were 
altered with a low albumin and normal or high 
globulin content in all instances (col. 5). The total 
serum sulfhydryl was below normal in all patients 
including those specimens obtained while the pa- 
tient was receiving ACTH (col. 6). The albu- 
min sulfhydryl per 100 ml serum was low in all 
sera (col. 6) and the serum of only one patient 
(No. 7) had a normal sulfhydryl per gram of al- 
bumin nitrogen (col. 7). The globulin sulfhydryl 
per 100 ml of serum varied from normal to sub- 
normal and none were normal when expressed per 
gram globulin nitrogen (col. 7). The same rela- 
tionships were observed when the sulfhydryl analy- 
sis per peptide unit was calculated for both the al- 
bumin and globulin components. The peptide to 
nitrogen ratio of the total serum proteins and al- 
bumin did not show any singular deviation al- 
though this ratio for the globulins was distinctly 
skewed toward a higher value (col. 8). As may 
be noted, although albumin-globulin ratios were 
diminished, the extent varied with the technique 
employed (col. 10). 


Miscellaneous Disease 


A group of patients was observed with miscel- 
laneous diseases, in many of which abnormalities 
in serum proteins have been noted. The clinical 
entities, ages and observations on this group are 
summarized in Table VI. The albumin nitrogen 
was reduced in the sera of all these patients while 
the globulin nitrogen was normal or increased. 
The amount of albumin present (col. 4) and the 
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sulfhydryl detected in this fraction (col. 5) in the 
serum of patient 7, was so low that the derived 
ratio is of questionable significance. With the ex- 
ception of the cystinuric patient (No. 9), the sulf- 
hydryl content per 100 ml serum in this group was 
below the normal. This was also true of the SH 
in the albumin fraction. No consistent change, ex- 
cept for the high value for patient 9, was noted in 
the globulin sulfhydryl (col. 5). The sulfhydryl 
of the globulin, per peptide unit, in the sera of 
the two nephrotic patients approximated the nor- 
mal value and that for the cystinuric patient was 


above the normal range (col. 8). The peptide con- | 


tent per unit nitrogen in the serum proteins showed 
no consistent deviation from the normal (col. 7). 
The sulfhydryl per peptide unit was below nor- 
mal for all the albumin and globulin samples, with 
the exception of the patient with cystinuria. The 
heterogeneity of this group of patients does not 
permit generalization of these data. 


EFFECT OF THERAPY 

The effect of various therapeutic measures on 
the serum sulfhydryl value could be observed 
among several patients in these disease groups. 
One patient (No. 1, Table V) received 125 grams 
of intravenous salt free human albumin? during 
the period between the two serum samples which 
were examined. The albumin nitrogen of the se- 
rum rose from 0.27 to 0.37 gram per 100 ml and 
the globulin fell from 0.80 to 0.73 gram of nitro- 
gen per 100 ml of serum. The sulfhydryl content 
of the albumin and globulin fractions rose from 
14.7 to 18.9 and 12.3 to 13.4 micromoles of SH per 
100 ml of serum respectively. However, the sulf- 
hydryl for albumin decreased from 54.4 to 51.1 
micromoles SH per gram nitrogen and from 0.223 
to 0.191 micromole SH per peptide unit. The 
SH per unit globulin nitrogen and per unit globu- 
lin peptide rose during this period although the 
globulin content decreased. The total serum pro- 


2We have examined a similar preparation of human 
serum albumin for parenteral use (without preservative 
It was prepared by E. R. Squibb and 
Co., from plasma collected by the Red Cross (control No. 


and salt poor). 


3024-2). The solution was clear and was stated to con- 
tain 25% albumin. Our studies showed that it contained 
42 mg nitrogen per ml and the optical density by the 
biuret method was 9.83 per ml. The SH values were 15.7 
micromoles per gram of nitrogen. The D per mg of ni- 
trogen was .234 and the SH per D was .067. 
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tein nitrogen remained unchanged but the com- 
ponents shifted as indicated by the albumin- glob- 
ulin ratios before and after albumin therapy. 
These observations are of interest because the al- 
bumin administered contained only 15.7 micro- 
moles SH per gram of nitrogen instead of the nor- 
mal 63.6 micromoles. 

Serum was obtained from four patients receiv- 
ing ACTH, prior to and during the period of ther- 
apy. The data are presented in Table V (patients 
4-6) and Table VI (No. 6). The first patient 
(Table V, No. 4) was a 16 year old female suffer- 
ing from acute disseminated lupus. She had re- 
ceived 900 mg of ACTH (Armour), over a period 
of 11 days, with objective clinical improvement. 
Her serum showed a rise in the albumin com- 
ponent with a decrease in the gamma globulin and 
disappearance of the M component. A fraction, 
with the mobility of 8 globulin, which had previ- 
ously been absent, appeared. The total sulfhydryl 
of the serum rose, and, whereas the albumin sulf- 
hydryl had been zero, the subsequent determination 
showed 37.9 micromoles of SH per gram of albu- 
min nitrogen. During the next two week period, 
she received an additional 677 mg of ACTH. Se- 
rum obtained one month later showed progressive 
changes toward a more normal protein distribu- 
tion electrophoretically. The sulfhydryl content 
of the albumin and globulin fractions per unit ni- 
trogen and per unit peptide rose but did not attain 
the normal value. The serum showed a total 
protein content within the normal range as a re- 
sult of the reduction in the globulin content and 
increase in the albumin. The albumin-globulin 
ratio was still markedly abnormal (Figures 6 and 
” A Be 

The second patient (Table V, No. 5) was diag- 
nosed as having lupus erythematosus dissemi- 
nata. He had received 480 mg of ACTH in daily 
amounts of 40 to 100 mg for the first seven days. 
ACTH therapy was continued with progressively 
smaller daily doses of 36, 21, 15, and 9 mg during 
the ensuing month. Sera were obtained for study 
five days after the ACTH therapy was instituted 
and a month later while he was in remission and 
receiving maintenance doses of the hormone. In 
this period, the total protein nitrogen had increased 
from 0.88 gram to 1.05 grams per 100 ml serum. 
The albumin fraction which was 0.44 gram initially 
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Fic. 6. Patient 4, TABLE V, Serum 7/30/49—Lupus 
ERYTHEMATOSUS BEFoRE ACTH ApbMINISTRATION 


No albumin sulfhydryl was detected. (Current—15.1 
milliamps., time—9,660 seconds) 
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Fic. 7. Patient 4, Taste V, Serum 9/20/49—Patient 
Hap Recetveo ACTH 
Serum albumin sulfhydryl approximately normal. (Cur- 
rent—15.1 milliamps., time—7,200 seconds) 


rose to 0.53 gram of nitrogen per 100 ml and the 
globulin which had been 0.42 gram of nitrogen per 
100 ml of serum was 0.47 gram on the later speci- 
men. The total sulfhydryl of the serum proteins 
decreased somewhat due to a slight fall in both 
the albumin and globulin content. The fall in SH 
was even ..ore apparent in the albumin and globu- 
lin SH components when the SH per gram nitro- 
gen or per peptide unit was measured (cols. 7 and 
9, Table V). Despite the improvement in ‘the al- 
bumin content of the serum and in the electro- 
phoretic analysis, the sulfhydryl values were lower 
and did not parallel the changes in the protein 
values. 

A 37 year old male suffering from acute dis- 
seminated lupus (Table V, No. 6) received 100 mg 
of ACTH daily for eight days and thence 985 mg 
in varying daily dosage for the following 38 days. 
He developed a bacteremia during this period and 
staphylococci of both aureus and albus types were 
isolated from his blood. Two to 3 grams of aureo- 
mycin per day were administered for the first two 
weeks and for the following two months he re- 
ceived 4.5 grams of aureomycin daily. Specimens 
of serum from this patient were obtained just pre- 
ceding and nine days after the initiation of ACTH 
therapy. Another specimen was obtained during 
the period that both aureomycin and ACTH were 
being administered. During the first period while 
he was receiving ACTH, a fall in the total serum 
protein was observed with a slight increase in the 
albumin content and decrease in the globulin. The 
sulfhydryl in the albumin decreased and that in 
the globulin increased per gram of nitrogen or per 
peptide unit (cols. 7 and 9). During the following 
period when aureomycin was administered together 
with the ACTH because of the bacteremia, the al- 
bumin remained unchanged at its low level, but the 
globulin nitrogen decreased to the normal level. 
The albumin sulfhydryl remained unchanged while 
the globulin sulfhydryl per gram of nitrogen con- 
tinued to increase. It may be noted that the ratio 
of albumin to globulin was persistently abnormal 
in this patient’s sera. 

The fourth patient (Table VI, No. 6) was a 33 
year old female with Hodgkin’s disease. She had 
received 300 mg of ACTH over a period of three 
days. During this pe. od a dramatic improvement 
in her clinical status had occurred. The patient 
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became afebrile within 24 hours and had a diuresis 
with the loss of 13 Ibs. in body weight. No es- 
sential change in the protein or sulfhydryl content 
of the serum occurred. Ten other patients with 
lupus, rheumatic fever or rheumatoid arthritis 
were treated with ACTH for short periods ot 
time. The total serum sulfhydryl as well as serum 
protein determinations were performed on samples 
obtained before and during this therapy. In gen- 
eral, a slight decrease in the serum protein nitro- 
gen was observed with a concomitant small in- 
crease of sulfhydryl per gram of nitrogen. These 
unfractionated samples cannot be critically evalu- 
ated and the changes observed probably represent 
a slight increase in the albumin fraction with a 
decrease in the globulin content of the serum. 
Among the patients with malignant tumors 
(Table III) there were several from whom serial 
specimens of serum were obtained while they had 
been receiving folic acid antagonist therapy, either 
Aminopterin or A-Methopterin. Patients 1, 2, 
4, 6, and 7 had shown no objective or apparent 
clinical response to the therapy. One patient (No. 
3) showed local regression of an ulcerated carci- 
noma of the breast. Two patients (Nos. 8 and 9) 
manifested temporary regression of the metastatic 
The latter two 
patients showed a definite change in the sulfhydryl 
of the serum proteins during this period. 


lesions and clinical improvement. 


-atient 
8 had pleural metastases from a carcinoma of the 
breast with recurrent sanguinous effusions in 
which carcinoma cells had been observed. She re- 
ceived 5 to 15 mg of A-Methopterin daily, and, 
after three weeks, x-ray examination of the chest 
showed almost complete clearing of the pleural 
fluid. Reaccumulation of the fluid was not ob- 
served during the ensuing four months of obser- 
vation. She gained weight and was asymptomatic. 
From the time just preceding A-Methopterin ther- 
apy to the time one month later when A-Methop- 
terin was discontinued prior to discharge from the 
hospital, the total protein in the serum had de- 
creased with a diminution of both albumin and 
globulin components. The sulfhydryl per gram 
albumin or globulin nitrogen more than doubled 
during the interval. The micromoles of sulfhydryl 


per peptide unit increased from .135 to .214 for 
the albumin fraction and from .051 to .117 for the 


ness. 


globulin. The second patient (No. 9) had a rhab- 
domyosarcoma of the left leg with pulmonary 
metastases. Amputation of the leg had been per- 
formed one year previous to this hospital admis- 
sion. He had lost 20 Ibs. in weight, had a parox- 
ysmal cough and drenching night sweats from 
January through April, 1950. A-Methopterin, 
10 mg daily, was administered and within two 
weeks distinct clinical improvement was noted 
which was progressive so that the patient left the 
hospital and felt well enough to attend to his busi- 
X-ray examination of the chest had shown 
disappearance of some of the pulmonary shadows 
and diminution in the size of other shadows. The 
patient had gained 14 Ibs. in weight. A-Methop- 
terin had been reduced to 5.0 mg orally per day. 
One month later, an increase in the size of the 
pulmonary metastases was noted by roentgen ex- 
amination with subsequent return of symptoms. 
These were progressive despite increase in dosage 
of A-Methopterin to 10 mg per day so that he was 
rehospitalized. Sera obtained before and during 
this period of folic acid antagonist therapy showed 
changes in the sulfhydryl content which paralleled 
the clinical observations to some extent. Pre- 
ceding the folic acid antagonist therapy, an in- 
creased globulin and low albumin content of the 
serum was present. The sulfhydryl content of 
these fractions was low. During the period of 
clinical improvement, the albumin nitrogen of the 
serum increased with no apparent change in the 
globulin. The sulfhydryl increased in both albu- 
min and globulin fractions, to the normal range, 
when expressed either as micromoles per gram of 
nitrogen or per peptide unit. With clinical relapse, 
although still receiving A-Methopterin, the albu- 
min nitrogen of the serum decreased, but the glob- 
ulin appeared to remain unchanged. The sulf- 
hydryl, per gram albumin nitrogen or peptide unit, 
decreased rapidly to the original pre-therapy level. 
The globulin sulfhydryl also decreased. Electro- 
phoresis of these serum samples showed that a 
decrease in the albumin component occurred dur- 
ing this relapse with an increase in the alpha glob- 
ulin. 
affect the globulin fraction of the serum in a man- 
ner comparable to the uniform decrease observed 


with ACTH (Figures 8 and 9). 


The folic acid antagonists do not appear to 
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Fic. 9. Same Patient as Figure 8—SeruM SAMPLE 
OsTAINED ON 7/31/50 DURING CLINICAL RELAPSE 
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DISCUSSION 


Kolthoff and Lingane have summarized the re- 
sults of polarographic studies of blood, based on the 
presence or absence of sulfhydryl groups (17). 
Black (18) has reported alterations from the 
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normal in the sulfhydryl content of plasma and se- 
rum, from patients with neoplastic disease, as 
measured by the rate of reduction of methylene 
blue and other dyes. Glass (19) and Huggins and 
his colleagues (20) have studied the coagulation 
of the serum proteins as an index of their albumin 
content. They have also presented observations 
indicating that when an alkylating agent such as 
iodoacetic acid is added to serum, presumably reac- 
ting with sulfhydryl groups, the results confirmed 
the defect noted in various pathologic states when 
simple coagulation was employed (21). 

From the observations reported in the present 
paper, it is apparent that a reduction in the total 
sulfhydryl in the serum proteins frequently oc- 
curs in various diseased states. Fractionation of 
the serum and determination of the sulfhydryl] in 
each fraction showed that the total value for the 
serum protein sulfhydryl was the resultant of 
those obtained for the albumin and globulin frac- 
tions. The sera of normal individuals contain 
approximately two and one half times as much SH 
per gram of albumin nitrogen as per gram globu- 
lin nitrogen (13). A reduction in the albumin 
nitrogen will therefore usually result in a lowered 
total serum protein sulfhydryl even when an in- 
crease in the globulin component occurs. In the 
majority of the patients studied, the sulfhydryl 
per gram of albumin or globulin nitrogen in the 
sera was reduced, and despite marked elevation of 
the globulin content in various diseases, the total 
SH of the serum was rarely normal or above the 
normal. 

The deviations from the normal in the sera are 
graphically presented in Figures 10-12. 

As previously noted (see Methods), the quali- 
tative nature of a protein may be established by sev- 
eral indices. One index would be the number of 
peptide bonds per mg of nitrogen. This is a func- 
tion of the types of amino acids present in the pro- 
tein. In Figure 11, the results of such an analysis 
are presented. It will be noted that the results with 
the sera from these patients show a distribution 
about the normal. A second index that may be em- 
ployed is the relationship between the number of 
sulfhydryl groups per unit of protein nitrogen or 

; SH SH 
peptide (| —— or -——- 
( nitrogen D 

acterize the protein with respect to a specific type 


): These values char- 
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SH per GRAM PROTEIN NITROGEN IN PATIENTS WITH DISEASE 


of linkage other than the peptide bond common 
to proteins and polypeptides. In Figure 10, the 
SH per gram of albumin and globulin nitrogen is 
represented. Eighty-six % of the albumin values 
and 76% of the globulin values were below the nor- 


mal range. The SH per peptide unit, presented 
in Figure 11, shows that 87% of the albumin and 
79% of the globulin determinations were sub- 
normal. Seventy-five % of all the sera examined 
from these patients was subnormal in both albu- 
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min and globulin SH values whether expressed as 
SH per gram of nitrogen or per peptide unit. 
The skewness of these observations is in marked 
contrast to those for the peptide per nitrogen in- 
sD). a 
mg nitrogen 
albumin fraction in these sera was low both in 
terms of protein nitrogen and sulfhydryl. The 
relationship between the albumin SH values and 
the albumin nitrogen content is graphically pre- 
sented in Figure 12. It will be noted that the SH 
in the albumin fraction was reduced below the nor- 
mal range in all sera except for one patient with a 
melanocarcinoma (Table III, No. 11) and one pa- 
tient with cystinuria (Table VI, No. 9). The 
ratio of sulfhydryl to nitrogen was generally re- 


dex described previously ( 


duced below that obtained with normal sera. 
These observations indicate that in diseased 
states, irrespective of the increase or decrease in 
protein content, a qualitative change occurs in the 
sulfhydryl content of the serum protein com- 
ponents. The changes in both albumin and globu- 
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lin sulfhydryl are in the same direction and may 
be the manifestation of a similar alteration in pro- 
tein synthesis or rearrangement of molecular 
architecture. No distinctive abnormality, charac- 
teristic for the different disease processes, was 
apparent. 

Further study of tissue components and serum 
fractions is being conducted in the hope that the 
mechanism responsible for the metabolic abnor- 
mality which results in the altered protein sulf- 
hydryl observed in various disease states may be 
described. 


SUMMARY 


1. The sera from patients with malignant tu- 
mors, lupus erythematosus, multiple myeloma, and 
miscellaneous diseases associated with abnormality 
of the serum proteins have been investigated with 
respect to the albumin and globulin content as 
measured by the protein nitrogen, biuret method 
and electrophoresis. 

2. The sulfhydryl content of the serum protein 
as well as of the albumin and globulin components 
has been determined employing an amperometric 
titration technique. 

3. A reduction in the albumin component with 
normal or increased globulin has been observed in 
these sera but the peptide per mg of nitrogen did 
not deviate markedly from the normal. 

4. The sulfhydryl per mg of protein nitrogen or 
per peptide bond was subnormal in both the albu- 
min and globulin components in 75% of these sera. 

5. It is believed that a metabolic abnormality re- 
lated to protein formation exists in these disease 
states which is reflected in the low sulfhydryl val- 
ues in the albumin and globulin fractions. 

6. The changes in the serum protein and the 
sulfhydryl values in patients who received ACTH 
or folic acid antagonist therapy are presented. 
The number was too small for generalization with 
respect to the mechanism of action of these agents. 
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The growing importance of radioiodine to clini- 
cal practice and medical research has stimulated in- 
terest in various kinetic aspects of iodine metabo- 
lism, including the renal excretion of iodide as esti- 
mated by the renal clearance of iodide (1-3). In 
addition, it has been suggested that the most ex- 
plicit and precise measure of the iodine-accumu- 
lating function of the thyroid gland may be the 
clearance of iodide by the thyroid (3, 4), defined 
by analogy as the volume of plasma or serum 
cleared by the thyroid gland of its iodide content 
per minute, and determined from multiple obser- 
vations in vivo of the thyroid itself compared with 
observations of serum. Since most of the circu- 
lating iodide eventually reaches the urine or the 
thyroid gland, it has also been observed (1) that 
a useful indirect measure of clearance of iodide 
by the thyroid called “extrarenal iodide clearance,” 
may be obtained from observations on serum plus 
urinary excretion alone, without recourse to ob- 
servations in vivo. 

Although the foregoing concepts and methods 
of estimation have been discussed at length, few 
actual values for such clearances have been pub- 
lished. It is the purpose of this report to present 
values for renal and extrarenal clearance of radio- 
iodide in a group of patients illustrating various 
states of thyroid and renal function. 


METHODS 


After the administration by mouth of 100 microcurie 
tracer doses of radioiodine, along with 100 micrograms of 
sodium iodide as carrier, samples of blood serum and of 
urine, collected at suitable intervals, were analyzed for 
their content of I. The methods employed for collec- 
tions and analyses have been described elsewhere (1, 5). 
Clearances were calculated by the method described by 
Berkson and associates (6). The renal clearance of iodide 

vv 


: I ; . 
was obtained by use of the formula Cl = +r, in which 


0 
U’; is the estimated asymptotic value of the renal excretion 
curve expressed as a fraction of the dose administered and 
r the exponential rate constant of that curve, and P’y is 
the concentration of inorganic I" in the blood at zero time 
obtained by extrapolation. Extrarenal clearance of iodide 


r(1 — U's) 


was calculated by the use of the formula P ,and is 


the difference between total clearance and renal clearance. 
RESULTS 

Renal clearances of iodide have been estimated 
for 43 individuals by the foregoing method. Fif- 
teen of the patients studied had exophthalmic 
goiter, one had adenomatous goiter with hyperthy- 
roidism, six had myxedema and 21 were euthyroid 
(15 with normal thyroids, two with carcinoma of 
the thyroid and four with adenomatous goiter with- 
out hyperthyroidism). 

Twelve of the 15 patients with normal thyroid 
glands who were studied had severe renal insuffi- 
ciency, and had been hospitalized for treatment of 
this condition. The various diagnoses of the re- 
nal disease among these 12 patients were glomeru- 
lonephritis, nephrosis, myeloma, cardiac decom- 
pensation and intracapillary glomerulosclerosis. 

Although tests of renal function were not per- 
formed in the other 31 patients, none of them made 
any complaint referable to the kidneys and stud- 
ies or laboratory tests were not indicative of se- 
rious renal disease. It was assumed that their 
renal function was normal, or at least nearly so. 

Table I gives the mean values for renal clear- 
ance of iodide among the patients studied. 


TABLE I 


Renal iodide clearance in cubic centimeters of 
serum cleared per minute 











Renal function* 





Presumably normal Definitely impaired 





Condition 
Iodide 
clearance 


32.7 + 1.0 


Iodide 


Cases | clearance 


Cases 





Hyperthyroidism 16 





Euthyroidism 9 | 33.343.1 8.7 + 1.6 





Myxedema 5 |17.9+1.6 

















* The value following the + is the standard error of the 
mean. 
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In Table II are listed the extrarenal clearances 
of iodide obtained. For patients who had hyper- 
thyroidism, the mean value was 154.6 cc. of serum 
cleared of radioiodine per minute; for euthyroid 
persons with presumably normal renal function it 
was 26.3 cc. per minute; for euthyroid patients 
with impaired renal function it was 6.5 cc. per 
minute; and for patients with myxedema it was 
4.7 cc. per minute. It should be noted that there 
is very little overlapping of one group by another. 


COM MENT 


The values for renal clearance of iodide reported 
here compare closely with those found by Myant 
and his associates (3), who, in a study in which 
radioiodine also was used, observed mean clear- 
ance rates of 31 cc. per minute among 11 euthy- 
roid persons and 27 cc. per minute among 11 per- 
sons with untreated thyrotoxicosis. In studies in 
which large amounts of nonradioactive sodium 
iodide were administered, Elsom and his co-work- 
ers (7) found that the kidney of the dog cleared 
9.0 cc. of plasma per minute of its iodide content, 
and Nelson and his associates (8) found the range 
of clearance of renal iodide in 13 normal men to be 
between 10 and 25 cc. per minute. It is of interest 
that the clearance of iodide in physiologic amounts 
(as observed in the studies in which radioiodine 
was used) was greater than the clearance esti- 
mated when much larger quantities of iodide were 
given to human beings and to dogs. 

In so far as the clearance of tracer amounts of 
I's! may be taken as a valid measure of the clear- 


TABLE II 


Extrarenal clearance of iodide: 43 cases 








Serum cleared per minute, 
cc. 


Condition 





Range Mean* 


Hyperthyroidism 49-479 | 154.6 + 19.5 








Euthyroidism with pre- 10-64 26.3 + 5.2 
sumably normal renal 
function 





Euthyroidism with im- 12 3-11 6.524 0.2 


paired renal function 


Myxedema 6 3-8 





4.74 0.7 














* The value following the + is the standard error of the 
mean. 


ance of the nonradioactive inorganic iodide of the 
plasma, the clearance of the latter would appear to 
be greater than that of other halogens, such as 
chloride or bromide. 

The values for extrarenal clearance of iodide 
found in this study correspond to the thyroid clear- 
ance rates reported by Myant and his associates 
(3) and by Stanley (9). The former investiga- 
tors found the mean thyroid clearance in 11 nor- 
mal persons to be 16.0 cc. per minute and in 11 
thyrotoxic patients, 486 cc. per minute. Stanley 
found the thyroid clearance of iodide in three 
normal persons to be 18.6, 7.2 and 28.7 ml. per 
minute. Extrarenal clearance in euthyroid and 
hyperthyroid persons is a close approximation of 
thyroid clearance but in myxedematous persons 
this is not so. 

Extrarenal clearance was consistently lower 
among the patients who had impaired renal func- 
tion. This inferred reduction in thyroidal iodide 
clearance may not necessarily imply that the thy- 
roid glands in this group accumulated less iodine 
per unit of time, since the average concentration 
of inorganic iodide in plasma may well be higher 
in these cases. 


SUMMARY 


Doses of I'*! were administered to 43 persons, 
and from samples of urine and serum collected at 
suitable intervals, renal clearances of I'*! were 
calculated by a method described by Berkson and 
associates (6). Mean clearances in the individu- 
als presumed to have normal renal function were 
32.7 cc. per minute for persons who had hyper- 
thyroidism, 33.3 cc. per minute for euthyroid per- 
sons, and 17.9 cc. per minute in patients who had 
myxedema. The clearances among persons who 
had impaired renal function were markedly de- 
creased. 

A method is also given for the determination of 
the extrarenal clearance of radioiodide (which is 
an approximation of thyroid clearance of iodide in 
all except hypothyroid persons). The hyper- 
thyroid patients studied had a mean extrarenal 
clearance of iodide of 154.4 cc. per minute; the 
euthyroid persons with presumably normal func- 
tion, 26.3 cc. per minute; the euthyroid persons 
with impaired renal function, 6.5 cc. per minute; 
and persons with myxedema, 4.7 cc. per minute. 
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Little overlap was found between any two groups. 
This clearance rate appears to be a sensitive index 
of thyroid function. 
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REAGENT. 


I. WITH NORMAL AND RHEUMATIC 


FEVER SERA? 


By WASHINGTON AYALA,? LUCILE V. MOORE, anp EUGENE L. HESS 


(From the Rheumatic Fever Research Institute, Northwestern University Medical School, 
Chicago, Ill.) 


(Submitted for publication February 2, 1951; accepted May 7, 1951) 


Niazi and State (1) recently reported that when 
human serum was heated with the diphenylamine 
reagent of Dische (2, 3) a purple color developed. 
They also observed that in certain disease states, 
é.g., carcinoma, pulmonary tuberculosis and rheu- 
matic fever, the purple color reaction was of con- 
siderably greater intensity than in the serum of 
normal persons. We observed this color reaction 
when testing saline extracts of bovine tonsils for 
the presence of desoxyribonucleic acids using the 
Dische diphenylamine reagent. Subsequent frac- 
tionation of the tonsil extracts revealed that the 
substance which gave the purple color reaction 
with diphenylamine was a mucoprotein with an un- 
usually low isoelectric point (pI. << 2.0) (4). In 
confirmation of certain findings of Niazi and State 
(1) we have observed that serum from rheumatic 
fever and rheumatoid arthritis patients gives a 
color of greater intensity than does the serum from 
normal individuals. 

The resulting purple solution has one absorption 
band in the visible spectrum, with a maximum at 
530 mp. This same absorption band is present 
when either serum or our purified mucoprotein 
from beef tonsils (4) is tested. 

In this report we shall present observations with 
respect to the reaction, and suggest modifications 
in technique. We have applied the method to 
rheumatic fever sera, the results of which are 
included. 


Conditions of the reaction 


The addition of Dische’s reagent * directly to se- 
rum produces upon heating a turbid colored solu- 


1 Supported in part by grants from the United States 
Public Health Service and from the Chicago Heart As- 
sociation. 

2 Present address: Facultad de Quimica y Farmacia, 
Montevideo, Uruguay. 

3 Composition of the reagent: glacial acetic acid 100 ml., 
conc. sulfuric acid 2.75 ml., diphenylamine 1 gm. 


tion unsuitable for colorimetric readings. When 
serum proteins are precipitated with 20% tri- 
chloroacetic acid solution, the purple color reaction 


,is present in the acid hydrolyzate obtained from 
‘the precipitate and absent in the filtrate. 


The 
moiety giving the purple color is dialyzable from 
serum only after acid or alkaline hydrolysis. In 
the procedure described by Niazi and State (1), 
the proteins are precipitated from serum with a 
20% trichloroacetic acid solution, the supernatant 
discarded, the precipitate hydrolyzed with a 5% 
trichloroacetic acid solution, and the clear super- 
natant obtained after centrifugation is tested with 
the diphenylamine reagent. Since the 20% tri- 
chloroacetic acid filtrate from serum does not con- 
tain any interfering substance we have found it 
satisfactory to hydrolyze the serum directly. A 
study of the hydrolysis step shows that the in- 
tensity of the purple color reaction increases with 
time up to 20 minutes and then decreases slowly 
and becomes negative after several hours. For 
this reason we have adopted 20 minutes as a stand- 
ard time of hydrolysis. 

The time of heating the serum hydrolyzate and 
the reagent is another important factor in the in- 
tensity of the color produced. A plot of color in- 
tensity (in terms of optical density at 530 mp) 
against time of heating shows a rapid increase with 
time up to two hours, after which the rate of in- 
crease is slight. When the heating is continued, the 
purple color shifts to blue (clearly noticeable at 
two hours) and the absorption curve develops a 
new band with a maximum at 650 my in addition 
to the one at 530 mp. The variation in the shape 
of the absorption curves with time of heating is 
presented in Figure 1. We have selected 30 min- 
utes as a standard time of heating; at this time an 
intense purple color is obtained with little inter- 
ference from the blue band, as can be seen in 
Figure 1. 
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VARIATION IN THE ABSORPTION SPECTRUM WITH 
THE TIME OF HEATING THE REACTION 


Fic. 1. 


Curves are shown for 30, 150, and 240 minutes of heating 
in a boiling water bath. Absorption measurements were 
made on a Model DU Beckman Spectrophotometer. 


Varying the concentration of diphenylamine in 
the reagent between 0.5 and 1.5% has little effect 
upon the color development. We have maintained 
the 1% concentration of the original Dische re- 
agent. On the other hand, the sulfuric acid con- 
centration of the reagent has a marked influence 
on the intensity of the color, the intensity increas- 
ing as the acid concentration increases up to 10% 
in volume, where the curve becomes asymptotic. 
Therefore, replacement of the 2.75 ml. of con- 
centrated sulfuric acid used in the original Dische 
formula with 10 ml. is useful in detecting the 
moiety when it is present in low concentrations. 
In this report we shall call the reagent containing 
10 ml. of concentrated sulfuric acid “sensitive re- 
agent”’,* and the one prepared according to Dische’s 
formula “standard reagent.” 

It is important to note that the absorption curves 
obtained from serum using either standard or sen- 
sitive reagent have the same general shape pro- 
vided a standard time of heating of 30 minutes is 


* Composition of sensitive reagent: glacial acetic acid 
90 ml., conc. sulfuric acid 10 ml., diphenylamine 1 gm. 
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employed in both cases. This can be seen in 
Figure 2. 

Using a Model DU Beckman Spectrophotometer 
we have determined that the color reaction obeys 
Beer’s Law over the range of optical densities with 
which we have worked. Measurements included 
in Table I and in Figure 3 were made with a Model 
6A Coleman Spectrophotometer. With this in- 
strument when the optical density measured was 
greater than 0.650 it was customary to dilute the 
sample and multiply the reading obtained with the 
diluted sample by the appropriate dilution factor. 


Suggested procedures 


On the basis of these findings, the following procedures 
are recommended : 


a) Macro procedure: Two ml. of the sample (plasma 
or serum), are placed in a 25 X 150 mm. test tube, and 
10 ml. of a 5% trichloroacetic acid solution are added 
slowly with gentle shaking in order to obtain fine floccules 
of precipitate. The tube is then placed in a boiling water 
bath for exactly 20 minutes and immediately cooled by 
immersion in ice water. The tubes are stoppered during 
the hydrolysis with a perforated rubber stopper fitted 
with 20 cm. long glass tubing which acts as a condenser. 
The hydrolyzate is filtered, and 1.5 ml. of the clear fil- 
trate is transferred to a 18 X 150 mm. o.d. test tube to 
which are added 3 ml. of standard reagent. The tube is 
then immersed in a boiling water bath for exactly 30 min- 
utes. After removal from the boiling water the tube is 
cooled in ice water and allowed to come to room temper- 
ature. The color intensity is stable for several hours at 
room temperature. The optical density was read in a 
Model 6A Coleman Spectrophotometer at 530 ms in the 
18 X 150 mm. test tube in which the color was developed. 
A large number of 18 X 150 mm. Pyrex test tubes were 
examined for uniform optical properties. Tubes were se- 
lected which were uniform to + 0.005 optical density units 
at an optical density of 0.300 and at a wavelength of 530 
m#, This is well within the standard error of the method. 
The adapter on the Model 6A Coleman Spectrophotometer 
was modified by reducing the vertical light path to 15 mm. 
in order to accommodate a 4.5 ml. sample. 

Two blanks are required. One blank consists of 5% 
trichloroacetic acid and standard reagent in proportions 
corresponding to those used for the reaction. This blank 
is used to establish the zero optical density setting of the 
spectrophotometer. The second blank consists of 1.5 ml. 
of serum hydrolyzate and 3.0 ml. of acetic sulfuric acid 
mixture ® without diphenylamine. The second blank must 
be prepared separately for each serum sample. The op- 
tical density of this blank is subtracted from the corre- 
sponding serum sample giving the purple color reaction. 


5 Composition: glacial acetic acid 100 ml., conc. sulfuric 
acid 2.75 ml. 
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Fic. 2. COMPARISON OF THE ABSORPTION CURVES OBTAINED 
UsiInG THE “SENSITIVE” AND THE “STANDARD” REAGENTS AND 


MIXTURES 


Measurements made on 
photometer. 


Model 


DU Beckman Spectro- 


A. with sensitive reagent 
B. with standard reagent 
C. with sensitive mixture * 
D. with standard mixture * 
* Acetic and sulfuric acids in the proportions used in the re- 
agents but without diphenylamine. 


This furnishes the corrected optical density of the purple 
color determination. 

A mixture of sulfuric and acetic acids in the proportions 
used in the reagent, when added to serum hydrolyzate, 
gives a light brown color with a broad absorption band 
as is seen in Figure 2. The sulfuric acid in the mixture 
causes this color development. Since the intensity of this 
color varies with individual serum samples it must be 
subtracted from the measured optical density of the purple 
color reaction. 

b) Semimicro procedure: For small serum samples, the 
following procedure is suggested: To 0.2 ml. of the sam- 
ple (serum or plasma) in an 18 X 150 ml. o.d. test tube add 
5 ml. of a 5% trichloroacetic acid solution, slowly and 
with shaking. The method described in the macro 
procedure above is followed with one exception. In the 
micro technique “sensitive reagent” is used instead of 
standard reagent, and “sensitive mixture’ ® replaces the 
standard mixture. 


Reproducibility of the results 


The arithmetic mean of the optical densities of 
20 samples of the same serum using the macro pro- 
cedure was 0.440 with a standard deviation of 
0.018. The coefficient of variation was found to be 


6 Composition: glacial acetic acid 90 ml., conc. sulfuric 
acid 10 ml. 


4.09%. We have expressed the results of the re- 
action in terms of optical density at 530 mp since 
the molecular structure of the substances respon- 
sible for the purple color development in serum are 
as yet unknown. Evidence to be discussed else- 
where (5) suggests that the purple color develop- 
ment is due to a carbohydrate moiety bound mainly, 
if not exclusively, to the serum mucoproteins, and 
found in the alpha globulin fraction of serum. The 
arithmetic average of the optical density of serum 
samples from 17 normal adults (male and female) 
using the macro procedure, is 0.374, with a stand- 
ard deviation of 0.041. 

We have established the normal range of opti- 
cal densities by using twice the standard deviation 
on either side of the arithmetic mean. The normal 
range of optical density is found to be from 0.292 
to 0.456. Since our procedure differs from that 
used by Niazi and State (1), our values are not 
directly comparable. Nevertheless, the values ob- 
tained by Niazi and State differ but slightly from 
the values reported above. 

The arithmetic average of the optical density of 
serum samples from 14 normal adults (male and 
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female) using the semimicro procedure, is 0.332, 
with a standard deviation of 0.022. The normal 
range of values thus becomes 0.288 to 0.376 using 
this procedure. 


Application of the method to rheumatic fever 


The plasma or serum of rheumatic fever patients 
has been tested using the macro procedure pre- 
viously described. We find that both serum and 
plasma give the same color intensity within the 
experimental error of the method. 

Blood samples were collected from patients, 
either in the fasting or post-prandial state, on the 
wards of the Children’s Memorial Hospital’ and 
from ambulatory patients attending the Bridgeport 
Clinics.8 When serum was used this was centri- 
fuged from the clot as soon as possible and the re- 
action was carried out immediately. If this was not 
practicable, samples were stored at 5° C.; storage 
at this temperature for as long as six days does not 
affect the color yield. When plasma was used, 
heparinized blood samples were collected and cen- 
trifuged as soon as possible. Heparin gives a nega- 
tive color test and does not interfere with the 
reaction. 

We have tested a total of 107 samples from rheu- 
matic patients in different stages of the disease. 
The results are recorded in Table I. The figures 
in Table I show that in acutely ill patients, the mean 
values of the reaction are significantly high (62.8% 
higher than the normal mean). 

Figure 3 represents graphically the distribution 
of values found in the clinically active group of 


TABLE I 

Purple color reaction values found in sera of rheumatic fever 
patients (in terms of optical density at 530 mp) 

(Macro procedure) 





Per cent 

Arithmetic] increase 
mean of over 
the group | normal 
mean 





wi <a. ' 
Clheic ally acute cases 0.609 | 62.8 
| Cases with only mild activity | 0. 530 41.7 
Inactive cases 0.420 12.3 
| | 





7 We are indebted to the Children’s Memorial Hospital 
for providing these samples. 

§ Clinics for rheumatics maintained by the Rheumatic 
Fever Research Institute at the Bridgeport Salvation Army 
Dispensary. 
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Fic. 3. DistrisuTION oF PuRPLE CoLorR VALUES OF 
NoRMAL AND RHEUMATIC SERA, USING THE Macro PRo- 
CEDURE DESCRIBED 


cases, around the arithmetical mean of the group. 
For comparison the values of normals are similarly 
represented. 

The second group in Table I includes patients 
who had no clinical symptoms of rheumatic ac- 
tivity but still had slightly elevated temperatures 
or had sedimentation rates above normal. In this 
group also, the arithmetical mean of the values was 
significantly higher than normal levels but in a 
lower range than the first group. 

The third group is made up of quiescent rheu- 
matic subjects. The arithmetical mean of this 
group, although above the normal mean (12.3%), 
fell within the normal range. 

The purple color reaction appears to be signifi- 
cantly elevated during acute rheumatic fever, to 
decrease with lessening of the rheumatic activity 
and to return to normal upon recovery. Further- 
more, the intensity of the reaction appears to paral- 
lel the erythrocyte sedimentation rate except where 
the E.S.R. was depressed during congestive heart 
failure. Under these conditions the purple color 
reaction parallels rheumatic activity. 


SUMMARY 


1. The conditions of a reaction between serum 
and diphenylamine reagent have been studied. 
Based upon these studies a simplified procedure 
for carrying out the reaction is recommended. 
With the procedure the arithmetic mean of the op- 
tical densities for normal human serum is 0.374. 
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The standard deviation is 0.041, and the range of 
values for normal human serum is shown to be 
0.292 to 0.456. 

The composition of a more sensitive reagent 
is also given. With this sensitive reagent it is pos- 
sible to make determinations with 0.2 ml. of serum 
or plasma. The arithmetic mean of the optical 
densities for normal human serum is 0.332 in the 
semimicro procedure. The standard deviation is 
0.022 and the range of values for normal human se- 
rum is 0.288 to 0.376. 

2. One hundred and seven blood samples from 
patients in different stages of rheumatic fever have 
been tested with the macro procedure. The purple 
color level in serum or plasma was found to be 
significantly elevated during rheumatic activity. 
However, in inactive rheumatic subjects the mean 
of the group was found to be within normal range. 
Serial determinations with this test may be used 
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as an adjunct to current methods for following the 
course of rheumatic activity. 
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In 1948, Paton and Zaimis reported on a series 
of polymethylene bistrimethyl ammonium com- 
pounds with unusual properties; the decame- 
thonium (C10) member of this; series exhibited 
marked curariform activity, while the penta- and 
hexamethonium (C5 and C6) compounds revealed 
ganglionic blocking action (1, 2). Since this re- 
port, a number of clinical studies have called at- 
tention to the favorable effects of C5 and C6 in 
hypertension (3-6), peptic ulcer (7) and periph- 
eral vascular diseases (4, 8,9). (Investigations in 
this laboratory indicated that in a cool environment 
C6 produced a greater elevation of skin tempera- 
ture of the digits than either tetraethylammonium 
salts or Priscoline (9). In addition, C6 caused less 
side effects and had a longer duration of action 
than either of the other blocking agents. 

These results suggested that the increase in 
peripheral blood flow after administration of C6 
was greater than was produced by previously 
known compounds and might, in fact, approach that 
achieved following complete blockade of the sym- 
pathetic outflow. Since the 
changes in skin temperature provide at best only 
approximate estimations of variations in peripheral 
blood flow, it was decided to measure quantitatively 
the increase of blood flow in the foot after C6, us- 
ing the plethysmographic method, and to compare 
this increase with the presumably maximum flow 
obtained from regional block of the sympathetic 
nerves to the lower extremities. 


vasoconstrictor 


1 Supported in part by research grants from the Na- 
tional Heart Institute, National Institutes of Health, U. S. 
Public Health Service; The Squibb Institute for Medical 
Research, New Brunswick, N. J.; and Irwin, Neisler and 
Co., Decatur, Ill. 

2 Hexamethonium was supplied by Dr. H. Sidney New- 
comer, E. R. Squibb & Sons, New York City. 

3 Captain, M.C., U.S.A.F. 


MATERIAL AND METHODS 


Blood flow was measured in the left foot using the ve- 
nous occlusion plethysmograph described by Abramson 
(10), but with certain modifications. These changes were 
introduced because of the necessity of removing the foot 
from the plethysmograph at the time of the regional block 
and then replacing it rapidly to avoid delaying the de- 
terminations of blood flow. Therefore, instead of cement- 
ing the edge of a thick rubber sheeting to the ankle, a 
thin rubber boot was prepared, the edges of which were 
everted and sealed permanently to the inlet of the plethys- 
mograph in a manner similar to that described by Krogh, 
Landis and Turner (11) for use with the limb segment 
plethysmograph. The boot was made of rubber thin and 
pliable enough for the pressure of the water filling the 
plethysmograph to press the rubber membrane snugly 
against the contours of the foot.4 Since an air pocket 
usually formed at the upper end of the boot, the air was 
removed by means of small-bore plastic tubing leading 
from the toe of the boot to one of the two outlets of the 
plethysmograph. The trapped air could then be removed 
by applying suction to the plastic tube with a syringe. 
By means of this device, the foot could be sealed quickly 
within the plethysmograph, and valid blood flows recorded 
within 15 minutes after the block had been completed. 
The smoked drum method of recording was replaced by 
an electrically heated writing point attached to the Brodie’s 
bellows and the recordings made on heat-sensitive paper.® 

Digital pulse volume and blood flow were measured in 
the first toe of the opposite foot with a Burch-Winsor 
portable plethysmograph (12). Venous occluding cuffs 
for these measurements were placed at either the base of 
the toe or the ankle. The results of these studies will be 
reported in detail in another communication (13). In 
order to check on the completeness of sympathetic paraly- 
sis, the digital plethysmograph was used to determine 
sympathetic vasoconstrictor reflexes in the toe to “noxious” 
stimuli. The skin temperature of eight points on the body 
as well as air temperatures were recorded by the method 
previously described (9). 

The 10 volunteer subjects, all healthy male medical stu- 
dents between 22 and 29, were lying comfortably in bed 


4 Meteorological balloon rubber, supplied by Dewey and 
Almy Company, Cambridge, Mass. 
5 Permapaper, Sanborn Company, Cambridge, Mass. 
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with the limbs exposed throughout the procedure. They 
were unclothed except for shorts. The room was kept 
between 68 and 70 degrees by a large water-cooled air 
conditioner. The water in the plethysmograph was kept 
at a constant 32 degrees C. by means of a built-in heater 
and a motor-driven stirring propeller. Each subject was 
allowed to gain equilibrium with the room temperature 
for at least one hour before the first control determinations. 
In order to minimize the possibility of profound hypo- 
tension after the administration of C6, the foot of the bed 
was elevated on 2-inch blocks in all procedures. 

Regional block was carried out by using lumbar epidural 
injection of metycaine rather than paravertebral injection 
of procaine because of the greater certainty of achieving 
complete paralysis of all sympathetic vasoconstrictor fibers 
to the feet. To make certain that complete paralysis had 
been achieved two of the subjects were later given spinal 
anesthesia. All subjects given lumbar epidural block 
experienced hypesthesia of the lower extremities, and two 
developed anesthesia of the saddle area as well. Both vol 
unteers subjected to intrathecal block experienced com 
plete anesthesia to the level of the iliac crests. 

In order to permit the effects of the preceding experi- 
ment to wear off completely in each subject, an interval 
of at least 48 hours separated the test using C6 and the 
procedure using regional block. The two subjects who 
received lumbar intrathecal block were allowed at least 
seven days between experiments. 

Before each procedure, eight to 16 recordings of blood 
flow through the foot were averaged to obtain the con 
After either regional block or C6, groups of 
four to 10 flow 
intervals up to two hours or until the skin temperature 


trol value. 


measurements were recorded at various 


began to fall. C6 was administered intravenously as the 


dibromide salt. However, all dosages refer to the amount 


of C6 ion rather than of the salt. 


RESULTS 
Changes in foot blood flow 


During the control period the blood flow in the 
foot ranged from 0.3 to 2.7 ce. per 100 ce. of foot 
volume per minute, with an average of 1.0 ce. 
(Table I, Figure 1). 
blood flow in the control period varied slightly from 


In most subjects the mean 


test to test but these variations never exceeded 1 cc. 
per 100 ce. per minute. 

Following the injection of hexamethonium, the 
blood flow varied between 6.2 and 13.2 cc. per 100 
cc. per minute, with a mean flow of 9.8 cc. (Table 
I, Figure 1). Following epidural block in. these 
subjects, the flow averaged 10.2 cc. with a range of 
7.1 to 15.8 cc. After C6 the maximum blood flow 


® Metycaine 1% was used for all epidural lumbar blocks. 


Procaine 1% was used for all intrathecal blocks. 
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in five of the subjects was slightly greater than that 
achieved by epidural block, and in the other five 
slightly less. 

The rate of increase of blood flow in the foot was 
always much more rapid after C6 than after epi- 
dural block. Maximum blood flow occurred five to 
15 minutes after the intravenous administration of 
C6, whereas the greatest increase in blood flow af- 
ter epidural block did not become evident for 25 


minutes to an hour or more (Figure 2). 


The rate 
of decrease of foot blood flow following C6 varied 
considerably in different subjects. One hour after 
injection the mean flow was 74.5% of the maxi- 
mum with a range of 45% to 98%. Following epi- 
dural block the rate of decrease of foot blood flow 
appeared to be more gradual than after C6, al- 
though, because of the delay in attaining maximum 
levels, the studies were not continued for a suff- 
cient time to obtain quantitative data in all cases. 
Of the six cases who following epidural block at- 
tained maximum flow in less than 45 minutes, the 
mean flow 60 minutes after block was 76.3% of the 
maximum with a range of 28% to 98% 

and P. S., Table I), the 


initial experiments indicated that the increased flow 


In two subjects (J. L. 


of blood following 50 mg. of CO was considerably 
less than that after epidural block. Because of 
this discrepancy, determinations of blood flow were 
repeated in these two subjects, using larger doses 
of hexamethonium. Following a dose of 75 mg. of 
C6 in subject Jo-Lz,sthe flow rose to 13.2 cc. 

100 ce. of foot volume, as compared to 8.2 cc. after 


In subject P. S. blood flow in- 


per 


the 50 mg. dose. 
creased to 7.1 cc. after 100 mg. of C6 as compared 
to 5.3 cc. after 50 mg. of the drug. Thus, in both 
these subjects doses of C6 larger than 50 mg. were 
required to produce elevations of blood flow ap- 
proaching the maximum. 

In addition to the studies after C6 as compared 


to epidural block, two of the volunteers were sub- 


jected also to intrathecal anesthesia (cases L. I. 
and V. T., Table I and Figure 1). 
V. T., blood flow rose to slightly higher levels after 


In subject 


intrathecal anesthesia (9.8 cc. per 100 cc. of foot) 
than after either C6 (8.3 cc.) or epidural block 


(7.5 cc.). In subject L. I., however, the reverse 
occurred ; the maximum blood flow was only 6.2 ce. 
after intrathecal anesthesia as compared to 8.7 cc. 


after epidural block and 10.0 cc. after C6. 
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TABLE I 


Effects of hexamethonium bromide, lumbar epidural and intrathecal anesthesia on foot blood flow in normal subjects 


Foot blood flow (cc. per 100 cc. of foot per minute) 


Subject 

. After Cé 

Control 50 mg. LV 
8.3 
10.0 
11.6 


ty Ie I tn te 
mu ee UT 


NM NNR te 
woos! 


J09 
At 


* Dosage of C6 increased to 75 mg. intravenously. 
t Dosage of C6 increased to 100 mg. intravenously. 


Changes in skin temperature of the toes 

In every instance after either CO or regional 
block with procaine, there was a marked rise of 
the skin temperature in the toes (Figure 3). These 
elevations varied between 15 and 24 degrees F. 
above the control values. The elevations of toe 
temperature were greater after epidural block than 
after hexamethonium in seven of the nine subjects 
in whom measurements were taken. In all but one 
(L. D.), however, the differences in skin tempera- 
ture following C6 as compared to regional block 
were slight, amounting to less than 2 degrees F. 


After 


Control 
epidural 


7 After 
Control intrathecal 


0.9 ; 0.8 9.8 
0.8 : 1.0 6.2 
0.6 
0.6 
0.7 


1. 
Ee 
2 
$ 


0.5 


The changes in digital skin temperature corre- 
lated poorly with the changes in blood flow. In 
subjects P. S. and W. B., for example, the rise 
in temperature was greater after C6, yet the in- 
crease in blood flow was greater after epidural 
block. Similar contradictory results were obtained 
in three other subjects. 

The rate of elevation of skin temperature proved 
also an unreliable index of the rapidity of increase 
in blood flow. Following regional block, the in- 
crease in skin temperature of the toe and foot 
lagged five minutes or more ‘behind the rise in 
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CHART SHOWING CHANGES IN SKIN TEMPERATURE, DIGITAL PULSE 


VoLUME AND Foot BLoop FLow 1n Susject L. I. FoLLowinG Eprpurat Biock 


AND FOLLOWING C6 


blood flow. 
remained elevated for an additional 15 or 20 min- 
utes after the plethysmographic tracings showed 
that the foot blood flow had passed the maximum 


Furthermore, the skin temperature 


and was decreasing. 


Changes in vasoconstrictor reflexes in the toes 
The changes in blood flow in the toe measured 
with the digital plethysmograph paralleled those 
in the foot. However, the digital pulse volume al- 
ways exhibited a greater increase after regional 
block than after C6. In all instances, the sympa- 
thetic vasoconstrictor responses to “noxious” stim- 
uli (such as a deep breath or ice applied to the fore- 
head) were effectively blocked during the period 
of maximum elevations of foot blood flow follow- 
ing either epidural or intrathecal anesthesia or C6. 


DISCUSSION 

Investigations by Hoobler and his co-workers 
using the water-filled plethsymograph indicated 
that in normal subjects large doses of tetraethyl- 
ammonium produced increases in foot blood flow 
only half as great as those obtained after lumbar 
paravertebral block with procaine (14). Applying 
heat to the trunk produced no greater increase in 
blood flow in the foot than did the administration 
of TEA, while other vasodilator drugs such as 


papaverine, nitroglycerine, nicotinic acid, and 


aminophyllin were even less effective. 


In the present study the increases in foot blood 
flow following 50 to 100 mg. of C6 intravenously 
were not greatly different from those after either 
epidural or intrathecal block using metycaine or 
procaine. These results suggest that the degree 
of blockade of the sympathetic vasoconstrictor im- 
pulses io the feet is nearly complete after the in- 
travenous injection of such doses of C6. 

There is some evidence, however, that regional 
block produced a slightly greater decrease in 
peripheral resistance than C6. The mean of the 
foot blood flow values was 10.2 ce. per 100 ce. of 
foot volume after regional block, which was slightly 
greater than the mean of 9.8 cc. after C6. This 
difference, however, was not statistically signifi- 
cant. Similarly, the skin temperature elevations in 
the toes usually were slightly higher following 
regional block. In addition, it was observed that 
the pulse volume of the toe was consistently greater 
after regional anesthesia than after C6, even in 
those cases in which C6 produced the greater in- 
crease in foot and toe blood flows. This discrep- 
ancy, which will be discussed in detail in another 
communication (13), appeared to be associated 
with a decrease of systolic blood pressure and in- 
crease of heart rate resulting in narrowing of pulse 
pressure observed after C6 but not after lumbar 
block. 


seems possible that the degree of sympathetic in- 


In view of these various observations, it 
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hibition after C6 approached but may not have 
achieved c mnplete blockade in some of the subjects. 

Nevertheless, these observations would appear 
to be at odds with the hypothesis of hemometa- 
kinesia, that is, the so-called “borrowing and lend- 


ing” theory. This hypothesis states in part that 


the systemic administration of any vasodilating 


agent cannot result in as great an increase in foot 
blood flow as does regional block (15, 16). After 
regional anesthesia, blood from other portions of 
the body is shunted into the area of diminished 
resistance. However, according to this hypothesis, 
aiter systemic administration of a vasodilating 
agent blood cannot be diverted to any local area 
because the decrease in peripheral resistance is 
generalized. 

While this hypothesis may apply to agents which 
act directly on the blood vessels, it is pre bable that 
the “sympatholytic’” compounds act more selec- 
tively. Sympathetic vasoconstrictor nerves prob- 
ably are not distributed uniformly throughout the 
vascular system. Actual measurement of regional 
blood flows after other drugs which inhibit sym- 
pathetic vasoconstrictor impulses, such as TEA 
(17, 18) and dihydroergocornine (19), indicates 
that whereas blood flow in the digits usually in- 
creases markedly, flow in the muscles and renal 
bed may not change significantly and hepatic-por- 
tal blood flow usually decreases. Cardiac output 
remains relatively unchanged (17, 19). Thus 
peripheral resistance in certain vascular areas such 
as the digits may decrease after the “sympatholytic” 
drugs while in other areas such as the hepatic- 
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portal bed it may increase. Hence, as indicated by 
the present studies, a considerable degree of “bor- 
rowing and lending” of blood flow may occur from 
the action of agents which are sufficiently potent to 
produce complete or nearly complete blockade of 
sympathetic vasoconstrictor impulses. 

It is apparent from the data derived from sub- 
jects J. L. and P. S. that doses of 75 to 100 mg. of 
C6 in some persons produce more complete gangli- 
onic blockade than 50 mg. Hence, it would seem 
advisable to give 100 mg. in various clinical states 
when complete inhibition of sympathetic vasocon- 
striction is desired. In severely hypertensive, car- 
diac, and debilitated patients, however, profound 
and probably dangerous hypotension may occur 
after such large doses. Therefore, in actual prac- 
tice, trial doses of 5 to 10 mg. have been given to 
these patients before increasing the dose to maxi- 
mum tolerated amounts (20). 

None of the subjects of the present study ex- 
hibited significant reduction of diastolic blood pres- 
sure as a result of either epidural block or hex- 
amethonium, although there usually was a slight 
decrease in systolic pressure. The absence of sig- 
nificant hypotension in these normal, healthy young 
men could not be due entirely to the slightly head- 
down position because we have observed marked 
reductions of arterial pressures in hypertensive and 
older normotensive patients after similar doses of 
C6 despite this precaution (9). These results may 
be due to (7) the presence of a higher sympathetic 
“tone” in older as compared to younger individuals, 
or (2) to the loss of elasticity of the larger vessels 
in the elderly resulting in a lessened ability to 
counteract sudden decreases in peripheral re- 
sistance. 

Because of its great potency C6 is capable of 
producing severe reductions of blood pressure in 
susceptible patients. In addition, marked postural 
hypotension has been a regular occurrence. Dur- 
ing continuous administration effects secondary to 
parasympathetic blockade have been observed, in- 
cluding constipation, paralytic ileus and dry mouth. 
These undesirable reactions require that the drug 
be administered with care in patients under treat- 
ment for peripheral vascular diseases and hyper- 
tension. Methods for avoiding or circumventing 
such reactions in clinical cases will be described 


in other communications (20, 21). 
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SUMMARY AND CONCLUSIONS 


Ten normal young male subjects in a constant, 
cool temperature room were subjected on alternate 


days either to 50 to 100 mg. of C6 ion intravenously 


or to lumbar extradural or intrathecal block. 

1. Five of the subjects exhibited a greater in- 
crease in foot blood flow after CO while five 
others had the greater flow after regional 
block. 

Evidence that the sympathetic block: r0- 
duced by C6 may not have been ie Com- 
plete is suggested by the fact ‘lat in the 
group as a whole the averages of the foot 
blood flow, toe blood flow and digital skin 
temperature changes were slightly greater 
after regional block than after CO. In some 
of the subjects, however, the values rose 
higher after C6 than after regional block. 
Changes in skin temperature and digital 
pulse volume did not accurately reflect the 
changes in foot blood flow. 

In two subjects doses of 75 and 100 mg. of 
C6 resulted in greater elevations of foot blood 
flow than doses of 50 mg. 


These results suggest that C6 in doses of 50 
to 100 mg. produces in man marked, and in some 
instances, complete blockade of the sympathetic 
vasoconstrictor outflow to the foot. 
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ethyl acetate 


new. safer. oral anticoagulant 


Throughout the exhaustive studies on TROMEXAN, involving many hundreds of cases, 
this new anticoagulant has proved singularly free from the dangers of hemorrhagic 


complication. Other advantageous clinical features of TROMEXAN are: 


] more rapid therapeutic response 


(therapeutic prothrombin level in 18-24 hours) ; 


A smooth, even maintenance of prothrombin level 


within therapeutic limits; 


4 more rapid return to normal 


(24-48 hours) after cessation of administration. 


In medical and surgical practice .. . as a prophylactic as well as a therapeutic agent... 


TROMEXAN extends the scope of anticoagulant treatment by reducing its hazards. 


Detailed Brochure Sent on Request. 


TROMEXAN (brand of ethyl biscoumacetate) : available as uncoated scored tablets, 
300 mg., bottles of 50 and 250. 
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Wi. n sharp restriction of sodium 
intake is indicated, the basic nutri- 
tional needs of the patient con- 
tinue. And adequate protein intake 
is frequentlya therapeutic necessity. 

A problem is therein posed for 
the physician, since foods low in 
sodium are usually low in protein. 

LONALAC®, a product of Mead 
Johnson research in dairy chemis- 
try, contains but 0.02% of sodium, 
a negligible amount. In other re- 
spects, Lonalac is the nutritional 


equivalent of whole milk. 


When reconstituted with water 
and used as a replacement for milk, 
Lonalac can be employed along 
with other foods in varied and nu- 
tritionally adequate diets supplying 
as little as 200 mg. of sodium daily. 

Flexible low sodium diet out- 
lines, with Lonalac recipes, are 
available on request. Also available 
are sodium and potassium values of 
various foods and municipal water 
supplies as determined by the flame 
photometer method in the Mead 
Johnson Research Laboratories. 


LONALAC is supplied in 1 and 4 Ib. containers. 
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The only broad-spectrum antibiotic available 
in concentrated drop-dose potency, Crystalline 
Terramycin Hydrochloride Oral Drops provide 
200 mg. per cc.; 50 mg. in each 9 drops. 
Indicated in a wide range of infectious diseases, 
Terramycin Oral Drops are miscible with most 
foods, milk and fruit juices, affording optimal 
ease and simplicity in administration. 
Supplied 2.0 Gm. with 10 cc. of diluent, 

and calibrated dropper. 
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